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ABSTRACT 
Heron Island is a small coral cay on the western end of a large platform reef in the southern Great 
Barrier Reef, Australia.  In 1967 a boat access channel and a small mooring basin were dredged 
between the western reef-rim and the island.  Since then reef-top currents have flowed out 
through this channel, removing sediment from the reef-flat and the island’s beaches.  The 
mooring basin and access channel were enlarged in 1987.  Offreef waves (hourly) and reef-top 
currents (at 10 minute intervals) were measured on either side of the island during a twelve month 
period (17 March 1996 – 18 March 1997).  An overall analysis of the data has been presented in a 
first report (Gourlay and Hacker 2008a).   
This second report presents the following detailed analyses: 
(i) the characteristics of reef-top currents under mild conditions, including the influence of 
the harbour bund walls upon reef-top tide levels and the influence of tidal asymmetry 
upon the duration of bund wall control; 
(ii) the characteristics of reef-top currents during various meteorological events; 
(iii) the influence of waves upon reef-top currents including comparison of calculated and 
measured current velocities for selected conditions/events; 
(iv) reef-top sediment transport and sedimentation in the boat harbor during various tropical 
cyclones. 
Mild conditions are found to have occurred in only 7% of the observed tidal cycles.  The physical 
topography of the reef-top had an increasing influence upon currents as the tide level fell below 
mean sea level.  The wave height (Hos), at which opposing tidal currents were suppressed, 
increased with increasing tidal range.  Direct comparison of calculated (V) and measured (v) 
wave-generated current velocities when the tidal current approached zero gives good agreement, 
indicating that v = C(Hos – Hoscr).  During tropical cyclones, the increased flow through the boat 
harbour entrance channel transported sediment from the reef-top and deposited it offreef at the 
bottom of the reef-face to the southeast of the channel entrance. 
Keywords: coral reefs, Great Barrier Reef, Heron Island, wave and current measurements, wave 
measurements, tidal currents, wave-generated currents, tropical cyclones, sediment transport, boat 
harbours. 
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1 INTRODUCTION 
Heron Island is located in the Southern Great Barrier Reef, approximately 80 km eastnortheast of 
Gladstone (Figure 1).  The island, at the western end of a large lagoonal platform reef, is a 
vegetated coral cay, ca 800 m long, formed from calcareous sand and rubble derived from marine 
organisms living on the surrounding reef.  The island is divided between a National Park, a tourist 
resort and a marine research station.  The reef and surrounding seas lie within the Great Barrier 
Reef Marine Park. 
During the last 60 years, various works have been constructed; both to provide facilities for 
access (boats and helicopters) and to protect buildings located near the changing shoreline.  These 
facilities, particularly the boat harbour and its entrance channel (Figure 2) which have been 
dredged through the reef-flat at the western end of the island, have had adverse effects upon both 
the island’s beaches and the ecology of the reef-flat (Gourlay 1995). 
In essence, the boat harbour and entrance channel were acting as a drain for water from the 
adjacent reef during the falling tide, particularly spring tides.  Sand and other sediments were 
being removed from both beaches and reef-flat, thus causing both shoreline recession on the 
island and sedimentation in the boat harbour. 
The lowered reef-flat water levels caused death and stunting of the growth of corals and other 
undesirable changes to reef-flat ecology near the harbour.  Between October 1993 and March 
1994, two low bund walls, formed of interlocking concrete blocks, were constructed, one on 
either side of the harbour (Gourlay 1995).  The horizontal crests of these walls facilitate a uniform 
distribution of flow from the reef-flat into the boat harbour. The crest height was selected with the 
object of restoring reef-flat water levels at low spring tides to those existing before harbour 
construction. 
A field monitoring and measurement programme was initiated by the Great Barrier Reef Marine 
Park Authority (GBRMPA) in September 1993, prior to bund wall construction.  It continued as a 
GBRMPA project until October 1997 and subsequently as a CRC Sustainable Tourism project.  
Initially, the performance of the walls was studied (Gourlay 1995, Hacker and Gourlay 1997).  
The principal aspects of concern were: - 
(i) the hydraulic behaviour of the walls and their effects upon reef-top water levels; 
(ii) the magnitude and frequency of any continuing inflow of sediment into the boat harbour; 
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(iii) The response of the reef-top ecology to the changed hydraulic conditions. 
The monitoring program included the deployment between March 1996 and May 1997 of two 
Datawell wave rider buoys offreef (Figure 2) and two InterOcean S4 current meters on the reef -
top (Figure 3 and Gourlay and Hacker 2008a). 
The construction of the bund walls has resulted in improved conditions on the reef-top.  Reef-top 
water levels at low spring tides have been restored and reef-top organisms have benefited 
(Berkelmans et al. 1997, Hacker and Gourlay 1997).  Nevertheless, the reef-top current system is 
still continuing to move sediment into the boat harbour.  Two preliminary summaries of this 
complex three-dimensional current system influenced by waves, winds and tides have already 
been published (Gourlay and Hacker 1997, 1999) followed by a comprehensive report on the 
overall influence of tides, winds and waves on the reef-top currents in the vicinity of the boat 
harbour (Gourlay and Hacker 2008a).   
The previous report has examined the following matters: 
− the methods used to process the wave, current and other data; 
− the characteristics of the reef-top currents either side of Heron Island under mild 
conditions and during storm events; 
− the results of a filter analysis using velocities measured every ten minutes where data 
measured at the two current meter sites has been analysed separately for rising and falling 
tides with small, medium and large ranges; 
− the conditions under which increasing offreef wave action reverses and eventually 
suppresses tidal flow on the western reef-top either side of Heron Island; 
− the seasonal variations in reef-top currents over the full year from 17 March 1996 to 18 
March 1997, including the relationship between reef-top current velocity and offreef 
wave height. 
This second report presents the results of a more specific analysis of reef-top currents at the 
western end of the reef under mild (i.e. tidally dominated) conditions and under the influence of 
waves.  
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Figure 1     Location of Heron Island 
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Figure 2 Heron Island and western end of Heron Reef
S4N –  Northern S4 current meter 
 S4S –  Southern S4 current meter 
 AWS -  Automatic weather station
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2 REEF-TOP CURRENTS UNDER MILD CONDITIONS 
2.1 Ocean Tides and Reef-Top Topography 
In the southern Great Barrier Reef, the rising (flood) tide flows northwestward up the Capricorn 
Channel and westward around the reefs in the Capricorn region.  The falling (ebb) tide generally 
returns in the opposite directions (Griffin et al. 1987).  Consequently, at Heron Reef the flood tide 
comes from the east along the northern side of the reef and from the southeast up Wistari Channel 
(Figure 1); the falling tide flows in the opposite directions.  As the tidal wave propagates in the 
deeper water around the reef, the movement of water on the shallow reef-top is controlled both by 
the small differences in water levels around the reef and the characteristics of the reef-top, i.e. its 
roughness, extent (size) and its topography. 
Heron Reef is approximately 10 km long and 4 km wide.  In common with many other reefs in 
the southern Great Barrier Reef, it has a pronounced reef-rim, visible on aerial photographs, 
around most of the perimeter of the reef.  This reef-rim is much less pronounced at the western 
(leeward) end of the reef, as also observed by Jell and Flood (1978). 
As the tide propagates around the reef, ocean water levels begin to rise and water flows initially 
into any channel through the reef-rim, which, in the case of Heron Reef, includes the boat harbour 
entrance channel.  It starts to flow onto the reef-flat over the lower portions of the reef-rim, 
usually on the leeward (northwestern) side of the reef.  As the tide continues to rise, it 
progressively flows over a longer length of reef-rim until it eventually is flowing radially inwards 
onto the reef-flat or into the lagoon from all directions.  As this process develops, the strength and 
direction of the rising tidal currents on the reef-top may change significantly and in different ways 
at various locations on the reef. 
As the tidal wave starts to recede around the reef and ocean tide levels start to fall, water 
commences to flow radially seawards off the reef-top.  Initially, this flow is controlled by the 
differences in water level between the reef and the adjoining ocean but, increasingly as the tide 
falls, the roughness of the reef-top and the elevation of the reef-rim become the controlling 
factors.  As the tide falls below mean sea level, two significant conditions develop.  Firstly, the 
water on the reef is ponded on the reef-top or in the lagoon as the rapidly falling ocean tide level 
approaches the level of the reef-rim and the latter begins to act as a broad crested weir controlling 
the flow from the reef-top independently of the ocean tide level.  Secondly, the roughness of the 
coral-covered portions of the reef-top restricts the flow over these areas and increasingly the flow 
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is directed towards the lowest portions of the reef-rim or to any channels through the reef-rim.  At 
Heron Island, the ebb flow when the tide falls below mean sea level is westward around both 
sides of the island towards the northwestern end of the reef and out though the boat harbour 
entrance channel. 
The strength and direction of the reef-top tidal currents vary with the magnitude of the tidal range.  
This is partly because the current strength is directly proportional to the volume of water 
exchanged between the reef-top and the ocean during a given tidal cycle and this volume is 
proportional to the tidal range (and to the horizontal area of the reef).  The current strength also 
depends upon the elevation of the reef-top relative to the tidal planes (Appendix A).  Mature 
platform reefs in the southern Great Barrier Reef, such as Heron Reef, usually have reef-crest 
levels at about mean low tide level.  For neap tides the low tide level is usually higher than the 
reef-crest level and so the reef-rim and reef-flat are not exposed at low neap tides.  Consequently 
ponding of water because of weir action at the reef-rim is minimal.  However, there will be a 
critical value of tidal range above which ponding of water on the reef-top increasingly occurs as 
tidal ranges become larger. For spring tides ocean low tide level is usually below the reef-crest 
level and weir action and reef-top ponding result in a significant distortion of the tidal wave on 
the reef-top.  Under these conditions, depending upon the level to which the ocean tide falls, there 
may be a period of several hours, during which the ponded water flows seaward off the reef-top 
with a decreasing flow rate, as the height and extent of the ponded water decrease.  Hence low 
tide water levels on the reef or in a reef-formed lagoon will be higher than low tide water levels in 
the surrounding ocean. 
This general tendency for ponding of water on reef-tops at low tide has been recognised 
previously, e.g. on Redbill Reef (location of Bushy Cay) in the central Great Barrier Reef east of 
Mackay, where both tidal ranges and reef-top elevations are significantly higher than at Heron 
Reef (Hopley 1981), and on One Tree Reef, an exposed lagoonal reef to the southeast of Heron 
Reef (Ludington 1979).  However, the implications of this reef-top ponding for reef-top 
hydraulics, sedimentation processes and ecology in the vicinity of Heron Island have not been 
fully understood.  The bund walls constructed on either side of the boat harbour and its entrance 
channel were designed to reinstate the effect of the reef-rim in ponding water on the reef-flat at 
the western end of Heron Island in the expectation that reef-flat ecology would be restored and 
concentrated flows removing sand from the island, beaches and surrounding reef-flat would be 
eliminated. Consequent benefits would be the reduction of both sedimentation in the boat harbour 
and the removal of sediments from the reef through the boat harbour entrance channel into deep 
water in Wistari Channel.  While reef-top ecology has benefited from the construction of the bund 
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walls, sedimentation of the boat harbour and loss of sediment from island beaches continues to be 
a problem. 
2.2 Field measurements of Reef-top Currents 
Between 16 March 1996 and 13 May 1997, simultaneous wave, current, wind and tidal data were 
obtained at Heron Island.  Wave and current measuring instruments were supplied and deployed 
by the former Queensland Department of Environment (DoE), now the Queensland 
Environmental Protection Agency (EPA) 
• Offreef waves were measured by two Datawell wave rider buoys deployed in the deeper 
water surrounding the reef.  One buoy was located north of the reef, near “Blue Pools”, and 
the other south of the reef, at the southeastern entrance to Wistari Channel (Figure 2).  The 
wave rider buoys measured wave conditions for 25 minutes every hour and transmitted the 
data onshore. 
• Reef-top currents were measured using two InterOcean Systems S4 current meters, one 
located north and the other south of the boat harbour (Figures 2 and 3). Their sites were 
chosen so that they were located in coral-free sandy areas where significant currents could be 
expected to occur, but not where they might conflict with normal boating activities. Current 
speed and direction and water depth were measured every 10 minutes. At low tide, the water 
level often fell below the sensors. Data stored in binary format within the instruments had to 
be downloaded at approximately six-weekly intervals. The northern current meter did not 
operate after 19 March 1997. 
• Local winds at Heron Island were measured by the Bureau of Meteorology’s automatic 
weather station (AWS) on the island. Hourly 10 minute average data for wind speed and 
direction are available. 
• Ocean tide levels were not measured, but predicted tide levels at 10 minute intervals were 
supplied by Queensland Transport. 
The methods used to analyse the data are described in the first report (Gourlay and Hacker 2008a, 
Chapter 3) 
The western end of Heron Reef was surveyed by John Reader and Associates Pty Ltd in 1993 
prior to construction of the bund walls.  During the GBRMPA monitoring program and this 
project, new surveys were made of the northern reef-face, beach changes and sediment deposits in 
the boat harbour. Surveys also have been made along the reef-face and the reef-rim south from 
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the entrance of the boat harbour.  All elevations are relative to Heron Island low water datum 
(LWD), which is 0.085 m below lowest astronomical tide level (LAT) (See Appendix A – Tidal 
Planes at Heron Island).  Mean tide level at Heron Island for the period of observations was 1.52 
m (LWD) or 1.44 m (LAT) (Queensland Department of Transport 1997, p222). 
2.3 Influence of Bund Walls upon Reef-top Tide Levels 
2.3.1 Reef-top flow controls 
Water levels on the reef-top are governed by the basic laws of open channel hydraulics which 
relate the resulting flow to the water level gradients and channel (reef-top) roughness (Douglas et 
al. 2001).  Application of open channel hydraulics, including the concept of controls, to flow on 
coral reefs has been reviewed recently by Gourlay and Colleter (2005).  Where the reef-top 
surface can be represented as a rough but relatively impermeable surface, water flow on the reef-
top is controlled in two ways: - 
(i) “channel” control where the magnitude of the flow depends upon the roughness of the 
reef-top and the difference in water surface elevation between given locations; 
(ii) “weir” control where the magnitude of the flow over the reef-rim or the bund wall is no 
longer influenced by the ocean tide level but depends only upon the height of water 
above the reef-rim or the bund wall and the shape of the rim or wall. 
Weir control of the flow over the reef-rim or bund wall occurs when flow over the weir becomes 
critical.  Under this condition, the specific energy, E (= h + v
2
/2g), on the weir crest is a minimum 
for a given flow rate.  This minimum specific energy, Ec, occurs when 
 Ec = 1.5 hc (1) 
Assuming the reef-top currents are relatively small, both friction loss over the weir and the reef-
top velocity head (v
2
/2g) can be neglected, so Ec ≈ h.  Hence the condition for maximum 
discharge during weir control is 
 h = 1.5 (zo – zc) (2) 
where  
 E is the specific energy of the flow (h + v
2
/2g); 
 g is gravitational acceleration; 
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 h is the head (height) of water above the weir crest; 
 hc is the critical depth of the flow; 
 v is the velocity of the flow; 
 zc is the crest level of the weir; 
 zo is the ocean tide level. 
Both zc and zo are measured from the tidal datum (see Appendix A). 
All symbols used in this report are also defined in Appendix B. 
When this condition is reached, the weir controls the water level upstream of it and the 
downstream level zo is no longer relevant.  Both the reef-rim (zc  zrr) and the bund walls (zc  zb) 
act as weir controls during the falling tide and weir control commences when the ocean tide level 
is still above the weir crest (see also Section 2.5.4 and Figure 32b). 
In some locations, e.g. the western leeward end of the reef, there is no relatively impermeable 
reef-rim but a coral matrix of variable density over which and through which water has to pass to 
reach the ocean.  Flow in this situation generally will be a special case of “channel” control with 
low velocity porous media flow through the coral, similar to flow in a forest canopy or a grassed 
waterway. 
2.3.2 Reef-top tide level measurements 
As part of the monitoring programme during construction of the bund walls in 1993-94, water 
level measurements were made before and after completion of the bund walls to determine their 
influence upon reef-top water levels.  Temporary tide wells were installed at specific locations on 
either side of the boat harbour and island (Figure 3).  Manual observations were made during the 
latter phase of the ebb tide and the initial phase of the following flood tide on seven occasions 
with relatively large tides (falling tide range, Rf > 2.2 m).  Wind and wave conditions were either 
mild or approaching mild conditions.  Only the five sets of observations made after the bund 
walls were completed are considered here (Table 1, and Figure 3). 
2.3.3 Falling tide levels on 24 April 1994 
Soon after completion of the bund walls, on 24 April 1994, when the predicted falling tidal range 
was 2.67 m and the predicted low tide level was 0.17 m, water levels were measured at locations 
TW1, TW2 and TW3 on the southern side of the boat harbour and island and at locations TW4, 
TW5 and TW6 on the northern side (Figure 3).  Tide levels were also read at the jetty in the boat 
harbour where they are approximately equivalent to ocean tide levels at the western end of Heron 
Reef.  Tide levels measured in the boat harbour were found to be 50 to 100 mm higher and about 
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10 minutes ahead of the predicted tide levels (Figure 4).  During these measurements winds at 
Heron Island were eastsoutheasterly to southeasterly at 7 to 8 m/s. 
Table 1 Dates and locations of reef-top water level measurements 
Location 
Date and start and finish times (nearest 5 minutes)* 
24 Apr 1994 
09:55 16:20 
25 Apr 1994 
10:50 16:55 
1 Nov 1994 
08:35 16:30 
2 Nov 1994 
10:05 17:05 
30 Jun 1996 
09:50 16:55 
Boat Harbour     
TW1     
TW2     
TW3     
TW4     
TW5     
TW6     
TW8    
TW9    
TW10    
S4S     
S4N     
Predicted tide 
Range, m  
Low tide level, m
2.67 
0.17 
2.74 
0.10 
2.22 
0.42 
2.56 
0.30 
2.31 
0.10 
Winds ESE→SE 
7 to 8 m/s 
ENE→ESE 
ca 7 m/s 
NE→NW 
< 5 m/s 
N→NW 
5 to 7 m/s 
WSW→SSW 
7 to 5 m/s 
Waves     HBP; WWis
< 0.5 m 
* All times in this report refer to a 24 hour clock and are quoted in the form 15:30, where 15 is hours and 30 is 
minutes. 
Southern side of island.   Tide well TW2 was located close behind the southern bund wall 
near where the main stream of the seaward flowing ponded water flows across the bund wall 
crest.  The weir control criterion, h = 1.5 (zo – zc), intersects the water level at TW2 at 11:06 when 
that level was 1.03 m (Figure 4).  This represents the onset of weir control at the bund wall.  Prior 
to this occurring, that is from about 10:30, the ebb flow over the bund wall was controlled by the 
reef-top roughness and the water surface gradient on the reef-top (∆z = zTW1 – z TW2).  After the 
inception of weir control the outflow of ponded water is determined by the gradually decreasing 
head over the bund wall crest (h = zTW2 – zb).  On this occasion outflow over the southern bund 
wall at both locations TW2 and TW3 continued throughout the period during which the ocean 
tide level was below the bund wall crest. 
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The reef-rim crest immediately southeast of the boat harbour entrance channel is neither 
impermeable nor well defined and, although the level of the top of the coral is about 0.9 m, i.e. 
above the bund wall crest, there was also seaward flow upstream of and parallel to the bund wall.  
Hence the water level at TW3 near the seaward end of the bund wall was lower than that at TW2 
near the jetty.  On 24 (and also 25) April 1994 the water level difference between TW2 and TW3 
was generally constant at about 50 mm during the period of weir control. 
The magnitude of this seaward flow upstream of and parallel to the southern bund wall was 
particularly large near the seaward end of the bund wall.  Some velocity measurements were 
made there on 26 April using an Ott hand held current meter and these showed velocities between 
0.6 and 0.8 m/s throughout the period when the ocean tide level was below the reef-rim elevation 
(see Section 2.3.6)
1
. 
Northern side of the island.   Tide well TW5 was located close behind the northern bund 
wall near where the main stream of seaward flowing water flows across the bund wall crest.  Tide 
well TW4 was located 140 m further seaward behind this wall (Figure 3).  Weir control 
commenced at TW5 at 11:05, i.e. virtually at the same time as at TW2 for the southern bund wall.  
The water level at TW5 was then 1.04 m (Figure 5).  Subsequently, weir control developed along 
most of the northern bund wall within a few minutes of it first occurring at TW5.  However, 
unlike the continuous overflow of the southern bund wall, flow over the northern bund wall on 
this occasion ceased after a couple of hours.
The maximum level difference between TW5 and TW4 was 25 mm and decreased as reef-top 
water levels fell.  Hence seaward flow behind and parallel to the northern bund wall was much 
less than that behind the southern wall.  This was because reef-top levels are higher and coral 
growth more dense behind the northern bund wall. 
2.3.4 Falling tide levels on 1 November 1994 
Reef-top water level measurements were repeated on 1 November 1994.  On this occasion the 
predicted falling tidal range was 2.22 m and the predicted low tide level was 0.42 m.  Winds were 
light northeasterly to northwesterly, less than 5 m/s. 
On this occasion water levels were measured at the eastern end of the island (TW9 and TW10) 
and on the northern side (TW8), as well as at the western end (TW1, TW2, TW5 and TW6).  No 
                                                     
1 Subsequently concrete blocks were placed around the seaward end of the southern bund wall to reduce these velocities 
and their potentially erosive effects. 
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measurements were made behind the western ends of the bund walls (TW3 and TW4).  Actual 
ocean tides were found to be about 10 to 12 minutes later than predicted tides with the low tide 
level the same as predicted (Figure 6). 
The reef-top water levels have been compared with  
• mean sea level (zmsl = 1.52 m) 
• approximate elevation of the reef-rim crests north and south of eastern end of the island 
(zr = 1.05 m) 
• elevation of the bund wall crest (zb = 0.86 m). 
Southern side of the island.  The intersections of the conditions for weir control over the 
reef-rim crest and over the bund wall crest with the water levels at TW10 and TW2 respectively 
indicate the approximate levels and times at which reef-top roughness ceased to control the water 
flow of the outgoing tide.  At this time, weir control commenced, initially at the reef-rim crest 
and, subsequently, at the bund wall crest (Figure 6). 
When the tide level on the reef-top was greater than about 1.6 m, flow off the reef was radial but, 
as the ocean tide fell below this level, the water level at the eastern end of the island (TW10) 
began to lag behind the levels in the ocean and further westward on the reef-top (Figure 6).  
Critical flow over the reef-rim south of the eastern end of the island occurred when the ocean tide 
level was ca 1.35 m, after which the water level decreased asymptotically towards the reef-rim 
elevation of 1.05 m.  The flow over the reef-rim would have diminished to almost zero during the 
same time, while westward flow parallel to the island’s southern shore would have increased as 
the water surface gradient between TW10 and TW2 increased.  The reef-rim crest elevation 
reduces along the reef-rim in the westward direction towards the boat harbour and so the weir 
control exerted by it is progressively extended westward as the ocean tide level falls.  Ultimately, 
when the reef-top water level at TW2 was 0.98 m , the bund wall controlled the flow and the 
remaining water on the reef-top flowed out at a diminishing rate as the level of the water ponded 
behind the bund wall fell towards that of the bund wall crest.  While no measurements were made 
at TW3, visual observations indicated that flow over the outer end of the southern bund wall 
ceased about an hour after weir control conditions commenced at TW2. 
Northern side of the island.  Water levels at TW9 were virtually the same as at TW8 at all 
times during this series of measurements and weir control over the northern reef-rim appears to 
have developed in a similar way to the southern reef-rim (Figure 7).  While there are differences 
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in the local water level gradients along either side of the island, weir control at the landward end 
of the northern bund wall (TW5) commenced at the same time and tide level (0.98 m) as at the 
southern wall.  Conditions at the northern wall were different in two ways. Firstly, a small 
hydraulic jump developed immediately downstream of the northern bund wall in the vicinity of 
TW5 as weir control commenced.  It lasted for 20 to 30 minutes.  Secondly, flow over the 
northern bund wall ceased about 100 minutes after weir control commenced at TW5. 
2.3.5 Falling tide levels on 30 June 1996 
Reef-top water levels were measured again on 30 June 1996 (Table 1) when the wave rider buoys 
and S4 current meters were in operation.  The predicted falling tidal range was 2.31 m and the 
predicted low tide level was 0.10 m.  Winds were from the westsouthwest decreasing from 7 to 5 
m/s and swinging towards the southsouthwest.  Offreef significant wave heights were less than 
0.5 m. 
On this occasion water levels were measured at TW1 to TW6 and at the locations of the current 
meters (Figure 3).  Actual ocean tide levels in the boat harbour were found to be between 20 and 
50 mm higher than the predicted tide levels (Figure 8).  The measured water levels have been 
compared not only with the elevations of the bund wall crest and the reef-rim but also with the 
velocity measurements at each current meter. 
Southern side of island.  The current reversed just after 10:20 when the water levels on both 
the reef and in the boat harbour were about 1.35 m (Figure 8).  Subsequently, flow towards the 
boat harbour increased rapidly in speed, reaching a maximum velocity of 0.2 m/s at 11:00.  It then 
decreased to 0.12 m/s at 11:10 and thereafter decreased more gradually, although the actual 
velocity measurements were not reliable when the water level at the meter location was below 
0.95 m. 
The weir control criterion for the bund wall intersected the tide level at TW2 just after 11:00 
when that level was 1.03 m.  This corresponds to the time of maximum measured velocity (Figure 
8).  Since the locations of both TW2 and the current meter are close to the bund wall, this 
represents the onset of weir control by the bund wall.  Prior to this occurring, that is between 
10:20 and 11:00, the ebb flow was controlled by the reef-top roughness and the water surface 
gradient on the reef-top (∆z = zTW1 – zTW2).  After the inception of weir control the flow velocity 
was determined by the gradually decreasing reef-top water level upstream of the bund wall. 
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On this occasion, flow over the outer portion of the southern bund wall ceased after almost three 
hours of weir control, i.e. at ca 14:00, even though there was always flow over the wall closer 
inshore near TW2.  It can be expected that there was always seaward flow at the site of the 
southern current meter during this low tide period.
Northern side of island.  Conditions on the northern side of the island during these reef-top 
water level measurements differ in two ways from those at the southern current meter.  Firstly, the 
northern current meter was located about 125 m upstream of the northern bund wall, whereas the 
southern current meter was only 40 m from the bund wall.  Hence velocities measured at the 
northern meter may not be the same as those immediately behind the northern wall.  Secondly, 
water levels measured at the TW5 during the period of rapidly falling tide level are at least 20 mm 
higher than they should be because this tide well was overdamped (Figure 9).  Later, after weir 
control developed, the water levels at TW5 fall much more slowly and are less likely to affected 
by over damping.  Hence they are probably reliable.   
The velocity at the northern current meter reversed earlier than that at the southern meter, at ca
10:06 when the tide level was close to mean sea level (1.52 m) rather than 1.35 m (Figure 9).  It 
increased rapidly to about 0.3 m/s at 11:00 and this velocity was maintained until 11:20 after 
which the current meter’s sensors became exposed and readings useless.  Weir control at TW5 
appears to have commenced just after 11:00 when the water level there was recorded as 1.05 m, 
the same as at the location of the northern current meter.  In actual fact this water level was 
probably 1.03 m, the same as that at the southern meter, because of the over damping of the TW5 
tide well. 
As on 24 April weir control developed all along the northern bund wall within a few minutes and 
water continued to flow over the wall at a decreasing rate for about three hours.  Just before 1400 
h flow over the outer wall (TW4) ceased and by 14:30 it had ceased over the entire northern wall. 
2.3.6 Rising tide levels on 30 June 1996 
Rising tide levels were measured during all the reef-top water level measurements summarised in 
Table 1.  However, only those made on 30 June 1996 when the current meters were operating are 
presented here.  General observations during field work and during construction of the bund walls 
indicated that the flood tide in the boat harbour rose very quickly over the bund walls and 
suppressed weir control over them within a few minutes.  An example of this is shown in Figure 
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10 which shows the effect of the rising tide on 26 April 1994 in reversing the seaward flow 
behind the outer end of the southern bund wall in the vicinity of TW3. 
Southern side of island.  The incoming tide rose over the full length of the bund wall and 
reef-rim immediately south of it and flowed over the reef-top behind it, almost instantly drowning 
the weir control at TW2.  Within five minutes the current at the southern current meter was 
flowing back along the southern shore of the island at an increasing rate (Figure 11).  After about 
20 minutes it reached a maximum value of ca 0.29 m/s.  It then decreased as the water level 
difference (∆z = zo – zTW1) reduced as radial inflow developed over the reef-rim south of the 
island. 
Northern side of island.  The same process occurred as the rising tide rose over the northern 
bund wall and the measurements there indicate the relationship between velocity and water level 
much more clearly (Figure 12).  The current velocity reversed when the tide level in the boat 
harbour equalled that at the current meter site.  This velocity rapidly increased to a maximum of 
about 0.33 m/s at the same time 16:10 as the velocity at the southern current meter attained its 
maximum value.  At this time the water level difference between the boat harbour and TW6 was a 
maximum of 120 mm and the actual water level at TW6 was equal to that of the reef-rim, i.e. 1.05 
m.  As water began to flow radially inward over the northern reef-rim the water level difference 
between the ocean tide and that at TW6 reduced and the velocity at the northern current meter site 
fell, becoming zero and reversing towards the boat harbour just before 17:00 when the ocean tide 
level was almost 1.7 m.  It was not possible to read the reef-top water levels when they exceeded 
mean sea level (1.52 m) but the trend of the data on Figure 12 indicates that the current reversal 
would have occurred when the reef-top and ocean tide levels were the same. 
2.3.7 Summary of factors influencing reef-top water levels 
Reef-top water levels are influenced by the ocean tide level cycle and its variations, winds 
blowing over the reef-top and waves breaking around the reef-rim.  The observations discussed in 
preceding sections were made during large spring tides with ranges greater than 2.2 m.  These 
tides all fell below the reef-rim and bund wall crest levels for several hours during which periods 
weir conditions controlled the runoff of the water ponded on the reef-top.  Weir control over the 
reef-rim at the eastern end of the island appears to commence when the ocean tide level zo is 
about 1.35 m.  The conditions under which weir control occurred over the bund walls are 
summarised in Table 2. 
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The critical ocean tide level zoc at which weir control commences does not appear to be related to 
the tidal range since similar values of zoc occur on 1 and 2 November and on both 24/25 April and 
30 June 1996 when the tidal ranges were different (Tables 1 and 2).  However, zoc is lower when 
predicted low tide level zL is high (November 1994) but is higher when zL is low (April 1994 and 
June 1996).  The reasons why this is so are not clear. 
Table 2 Ocean tide level zoc at which weir control over bund walls began. 
Date 
Southern side Northern side Wind 
zoc  
m Outflow 
duration 
zoc  
m Outflow 
duration 
Speed 
m/s 
Direction 
- 
at 
TW2 
at 
TW3 
at 
TW5 
at 
TW4 
24 Apr 
1994 
1.03 0.95 Continuous 1.04 1.00 
ca 3 h 
(TW5) 
ca 2 h 
(TW4) 
7 to 8 ESE → SE 
25 Apr 
1994 
1.03 0.95 Continuous 1.07 1.01 7 ENE → ESE 
1 Nov 
1994 
0.98 
_____ 
Continuous
inshore 
(TW2)
0.98 
_____
ca 100 
min 
(TW5) 
< 5 NE → NW 
2 Nov 
1994 
0.97 
_____
 Continuous
inshore 
(TW2)
0.98 
_____
ca 110 
min 
(TW5) 
5 to 7 N → NW 
30 Jun 
1996 
1.03 0.97 Continuous
inshore
(TW2)
3 h (TW3) 
1.05? 
(1.03) 
1.00 3½ h 
(TW5) 
3 h 
(TW4) 
7 to 5 WSW → SSE
Conditions at Heron Island are seldom calm.  In all but one of the occasions when water levels 
were measured wind speeds were greater than 5 m/s and were generally about 7 m/s.  Under such 
conditions it is possible that wind set-up occurs on the reef-top.  Indeed in July 1979 wind set-up 
of the order of 85 mm was measured over a distance of 93 m parallel to the southern side of the 
island during 10 m/s southeasterly winds
2
. 
Wind set-up increases with the square of the wind speed and is greater in shallow water than 
deeper water.  An approximate estimate of wind set-up on the western end of Heron Reef can be 
                                                     
2 Measurements made by Neil Collins and Brett Mills during B.E. thesis 1979 
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made assuming a two dimensional closed shallow basin (Bretschneider 1966, p234, 240).  In 
nomenclature consistent with this report (Figure 13), 
( )
( )owr
2
ow
zzhg
WK
dx
zzd
−+
=
−
  (3) 
Integration over a distance Lr gives 
( ) ( )wr
r
2
oww
zhg
LWK
zzz
max +
=−= (4) 
and 








−+= 11
hg
LW2K
hz
2
r
r
2
rw (5) 
For conditions at Heron Island when weir control commences, zo ≈ 1.0 m and zr ≈ 0.7 m, hence hr
≈ 0.3 m.  Taking K = 3.3 x 10
-6
 (Bretschneider 1996, p234), appropriate distances for Lr would be 
1000 m for eastsoutheasterly winds (April 1994) and 250 m for southwesterly winds (June 1996).  
For a wind speed of 7.5 m/s the corresponding values of ∆zw are 60 and 15 mm. 
Hence, if wind set-up is allowed for, zoc for the April 1994 observations is 1.03 – 0.06 = 0.97 m 
which is essentially the same value as observed in November 1994.  However, the wind set-up 
calculated for southwesterly conditions is insufficient to explain the higher zoc on 30 June 1996.  
The lower values of zoc in November 1994 are consistent with both the lower wind speeds and the 
northwesterly winds occurring then.  The latter would tend to reduce water levels near the boat 
harbour since it is located upwind rather than downwind for this wind direction.  The continuous 
outflow over the southern bund wall in April 1994 during the period of weir control is consistent 
with eastsoutheasterly winds and their consequent northwestward wind- and wave-induced 
currents.  
Another factor affecting the local variations in critical ocean tide levels and reef-top water levels 
as weir control develops at the western end of Heron Reef in the vicinity of the boat harbour is the 
complex reef-top topography and associated variations in roughness of the reef-top.  As the reef-
top water level continues to fall and weir control develops, the outflowing ponded water also is 
increasingly channelled towards both the lower parts of the reef-rim and the more open sandy 
areas of the reef-top.  Flow also occurs, but with reduced velocities, within the matrix of living 
and dead corals on the reef-top.  This three dimensional complexity of the reef-top roughness, 
when combined with tidal variations and directional changes of winds and offreef waves, makes it 
very difficult to calculate the water levels which determine the heads over the reef-rim and bund 
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walls and hence the effects of these factors upon reef-top current velocities during the latter stages 
of the ebb phase of the tide.  
Nevertheless, it appears that the maximum water level differences on the reef-top around the 
island during weir control of runoff of ponded water are reasonably consistent (Table 3).  While 
water levels at the eastern end of the island (TW9 and TW10) will vary to some extent with wind 
and wave conditions, they are primarily determined by weir control over the northern and 
southern reef-rims.  However, variations in wind and wave conditions are likely to cause some 
variations in these water levels.  These latter variations will influence both the magnitude of the 
water level differences around the island and the distribution of flow on either side of it.  These 
changes will in turn affect the conditions under which weir control develops over the two harbour 
bund walls. 
Unfortunately, direct measurements of reef-top water levels have not been made under a 
sufficiently wide range of wind, wave and tide conditions to determine the influence of the latter 
upon the magnitude and distribution of ebb flows around the island when weir control occurs. 
Table 3  Mean maximum water level differences around island during weir 
control of water ponded behind bund walls (∆z for T10 – T9 is zero). 
(a) Southern side of island 
Locations TW10-TW1 TW10-TW2 TW1-TW2 TW2-TW3 
∆z m 0.15 0.25 0.095 0.07 
∆x m 550 765 215 120 
S _ 2.7 x 10
-4
 3.3 x 10
-4
 4.4 x 10
-4 
5.8 x 10
-4 
(b) Northern side of island 
Locations TW9-TW8 TW8-TW6 TW6-TW5 TW5-TW4 
∆z m 0.065 0.06 0.14 0.03 
∆x m 460 245 230 140 
S _ 1.4 x 10
-4
2.4 x 10
-4
 6.1 x 10
-4
 2.1 x 10
-4
1
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Figure 8 Reef-top water levels and velocities on southern side of Heron Island
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Figure 11 Reef-top water levels and velocities on southern side of Heron Island
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Figure 13 Definitions for wind set-up on an idealised reef 
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2.4 Tidal Asymmetry and Duration of Bund Wall Control 
In the absence of wind and waves, water levels on the reef-top are determined by the elevations of 
the bund walls and the reef rim, as well as the ocean tides.  The latter vary primarily according to 
the rotation of the moon around the earth, which is responsible for the fortnightly spring 
(maximum tidal range) to neap (minimum tidal range) cycle, but other astronomical forces 
combine to influence the tidal cycle, with the result that both the predicted and actual ocean tides 
are frequently asymmetric about mean sea level.  In reality, actual ocean tide levels also are 
affected by meteorological conditions and reef-top tide levels are affected by wind and wave set-
up.  There was no actual ocean tide level data available for this study and the reef-top tide level 
data, as measured by the S4 current meters, was somewhat unreliable.  
The tidal behaviour at a given location is characterised by its tidal planes (Appendix A).  For 
example, mean low water neaps at Heron Island is given as 1.065 m, which is above the level of 
the bund wall crests, zb = 0.86 m.  However, there are occasions when tides with tidal ranges of 
the order of 0.91 m (mean neap tides) or less have low tide levels below the level of the bund 
walls and conversely, there are occasions when tides with a range greater than 0.91 m have a low 
tide level above that of the bund walls.  Consequently, ebb-tide currents during some neap tides 
may be affected by the bund walls; whereas the ebb-tide currents during other, larger tides, may 
not be affected by the bund walls. 
The potential extent of this phenomenon has been investigated by calculating tidal asymmetry 
parameters for all predicted tides during the period 17 March 1996 to 18 March 1997, i.e. the 
period during which current velocity measurements were obtained both north and south of Heron 
Island boat harbour.  The tidal asymmetry parameters are defined for both the rising and falling 
phases of a high tide as follows (Figure 14a): - 
L1msl
mslH
r
zz
zz
A
−
−
=  and 
L2msl
mslH
f
zz
zz
A
−
−
=  (6) 
 where 
  Ar is the asymmetry parameter for rising tide 
  Af is the asymmetry parameter for falling tide 
  zH is the elevation of high tide; 
  zL1 is the elevation of the preceding low tide; 
  zL2 is the elevation of the following low tide; 
  zmsl is the long term mean sea level, taken as 1.52m 
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If A = 1, the tide is symmetrical about the long term mean sea level of 1.52 m; 
If A > 1, the tide is elevated above mean sea level; and 
If A < 1, the tide is depressed below mean sea level (Figure 14b). 
The corresponding tidal ranges are 
L1Hr zzR −=  and L2Hf zzR −=  (7) 
For the period under consideration, values of both Rr and Rf lie between 0.5 and 3.3m (Figure 
15a).  However, the two distributions are skewed in opposite directions with the modal value of 
Rr being between 1.5 and 1.7 m and that of Rf between 2.1 and 2.3 m.  The distributions of Ar and 
Af (Figure 15b) are both skewed towards the larger values, Af to a greater extent than Ar (Table 
4a).  For Ar, symmetrical tides are the most frequently occurring class. 
Table 4 Numbers of tides in various groups, 17 March 1996 to 18 March 1997
Total Number 685 
(a) Range and Asymmetry 
Range Asymmetry 
R<1.4 m 1.4 m ≤ R < 2.0 m R ≥ 2.0 m  A < 1 A ≥ 1 
183 254 248 Rising 303 382 
180 248 257 Falling 326 359 
(b) Low tides above or below bund wall crest 
R – (A+1)/1.515 
≥ 0, (zL < 0.86 m) < 0, (zL ≥ 0.86 m) 
Rising 534 151 
Falling 532 153 
(c) Both low tides above or below bund wall crest 
zL1 and zL2 zL1 < 0.86 m and  
zL2 ≥ 0.86 m 
zL2 < 0.86 m and  
zL1 ≥ 0.86 m < 0.86 m ≥ 0.86 m 
463 82 71 69 
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The asymmetry parameter A also varies significantly with tidal range R (Figure16), with the 
smallest values of A occurring with the smallest values of R (ca 0.6 m).  The greatest range of A 
occurs with the tidal ranges of the order of 1.0 to 1.2 m.  At the largest tidal ranges (ca 3 m) there 
is much less variation in A and A is nearly always larger than 1, i.e. 1.0 < A < 1.5. 
The effect of the variations in Af upon the duration of ebb tide flow over the bund wall has been 
determined by calculating the time intervals T1, T2 and T3 (Figure 14a): - 
T1 (= tb1 – tmsl) is the time interval during which the ocean tide falls from mean sea level 
to bund wall crest level; 
T2 (= tb2 – tb1) is the time interval for which the ocean tide is below the bund wall crest; 
T3 (= tb2 – tmsl) is the total time elapsed between the tide falling below mean sea level and 
subsequently rising above the bund wall crest level, i.e. T3 = T1 + T2;
where 
 tmsl is the time when the ocean water level, zo, fell to mean sea level; 
 tb1 is the time when zo fell to the level of the bund wall crest; 
 tb2 is the time when zo subsequently rose again to the level of the bund wall crest. 
 zb is the bund wall crest elevation, taken as 0.86 m 
The largest tide that is symmetrical about mean sea level (Af = 1) and which does not fall below 
the bund wall crest has a critical range: -  
 Rcr = 2(zmsl – zb) (8) 
which for Heron Island gives Rcr = 1.32 m.  In this situation, when the tide level falls precisely to 
the level of the bund wall, tb1 = tb2, and hence T2 = 0, and T1 = T3.  Plotting T1 and T2 as functions 
of Rf for specific ranges (∆Af = 0.2) of Af, for those conditions where T2 >0 (Figure 17a), 
indicates that the magnitude of the tidal range at which T2 → 0, increases with increasing Af, 
being < 1.32 m when Af < 1 and > 1.32 m when Af > 1.  The time interval for the tide to fall from 
mean sea level to bund wall level, T1, is about one hour for large Rf.  It increases as the tidal range 
reduces.  For average Rf with large Af, T1 is 2.5 hours, while for small Rf with small Af it is as 
much as 4 hours.  For Rf = 1.32 m and Af ≈ 1, T1 ≈ 3 hours as would be expected for a 
semidiurnal tide. 
A simple transformation of the horizontal axis of Figure 17a leads to Figure 17b in which time is 
plotted against Rf  – (Af + 1)/1.515.  The relationship Af = 1.515Rf – 1 represents the condition 
when T2 = 0, Rf = 1.32 and Af = 1, corresponding to equation  8.  The duration of time for which 
the tide is below the bund wall crest, T2, is clearly tending to zero as Rf  – (Af + 1)/1.515 → 0.  T2
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increases as Rf increases, reaching a maximum of 5 hours for large Rf with Af between 0.5 and 0.7 
and about 4 hours with large Af.  It is about 4.5 hours when Af = 1.  The total elapsed time, T3, 
can be as much as 6 hours when Af is small.  For some tidal ranges, the variation in T3 is of the 
order of 2 hours depending upon the magnitude of Af. 
Consideration of actual measured water levels for large tides indicates that the maximum duration 
of bund wall control on the ebb flow from the reef-flat is about 10 to 15 minutes longer than T2
(see Figures 4 to 9). 
During the twelve month period under consideration 153 (22%) predicted low tides did not fall 
below the bund wall crest and 532 (78%) did fall below it (Table 4b).  The total time that the 
predicted tide level was below the bund wall crest (Σ T2) was 1700 hours or 70.8 days, i.e. almost 
20% of that period. 
The relationship Af = 1.515Rf – 1 defines whether or not low tide level falls below the level of the 
bund wall for given values of Rf and Af (Figure 16b).  For tidal conditions where Af  > 1.515Rf – 
1, predicted low tide level is above the bund wall crest and, for such conditions, flow over the 
bund wall is controlled by the characteristics of the reef-top, i.e. its roughness, extent and the 
water level gradient.  For tidal conditions where Af < 1.515Rf – 1, the flow during the later stages 
of the ebb tide is controlled to a greater or lesser extent by the ponding effect of the bund wall 
acting as a broad crested weir.  In reality, the bund wall actually commences to control the reef-
top water levels near the boat harbour while they are higher than the bund wall crest (see Section 
2.3.1). 
Examination of actual tides recorded on the reef-flat by the S4 current meters shows that, when 
tidal ranges are small, i.e. R < 1.32 m, there is often a significant difference between actual and 
predicted tide levels.  An investigation of reef-top tidal currents under mild conditions (see 
Section 2.6) identified a number of tidal cycles when the effects of waves and winds were 
negligible or small.  Examination of several of these tidal cycles with small tidal ranges or large 
asymmetry parameters provides an estimate of the likely lowest reef-top water level at which weir 
control commences. 
Actual tidal ranges, 
1
fR , are plotted against actual low tide levels, 
1
Lz , in Figure 18.  
Corresponding values of 
1
fA  are shown next to each point.  Tidal conditions where the tide levels 
were affected by the bund walls, i.e. tide curves were distorted, and those where tide levels were 
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unaffected, i.e. tide curves were undistorted, are identified on Figure 18.  Clearly, if 
( )m0.86zz b1L =<  the tide is affected by the bund wall and weir control occurred.  Tides with 1fR
< 1.32 m were generally unaffected by the bund walls if 
1
Lz ≥ 0.935 m but a few tides, where 
1
fR
> 1.32 m and 
1
fA  is large (≥ 2), still may be slightly affected by the presence of the bund wall. 
Hence conditions under which the bund wall does not affect reef-top tide levels, i.e. when weir 
control does not occur, need to be modified slightly by replacing zb = 0.86 m by m0.935z
1
b ≈ .  
The equivalent critical reef-top water level behind the bund walls is 1.5 (
1
bz - zb) + zb = 0.97 m.  
This is the same as the lowest value of zoc measured on the reef-top (see Table 2). 
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Figure 14 (a) Terms used to define tidal asymmetry parameter and 
duration of bund wall control 
(b) Relationship to mean sea level of tides with different 
tidal asymmetry parameters (constant tidal range) 
   (a) Tidal range, R, m
   (b) Tidal asymmetry parameter, A
(for definition see Section 2.3)
Figure 15 Distributions of predicted tidal ranges, R, and asymmetry
parameters, A, for rising and falling tides
- 17 March 1996 to 18 March 1997
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Figure 16 Tidal asymmetery parameters for rising and falling tides
as functions of tidal range
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Figure 17 Time intervals associated with bund wall exposure
(a) as functions of Rf
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Figure 18 Conditions under which actual tides are affected by bund walls
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2.5 Measurements of Reef-top Tidal Currents 
2.5.1 Current meter data 
The locations of the two current meters, one on either side of the boat harbour, are shown on 
Figures 2 and 3.  Details of their deployment periods are given in Appendix C.  Current velocities 
were measured at 10 minute intervals at each site and processed to give one minute average 
values of speed and direction.  The process used to analyse the recorded data is described in 
Gourlay and Hacker (2008a, Chapter 3).  Current speeds and directions measured at both current 
meters have been compared with recorded and predicted tides, wave heights and periods on either 
side of the reef, and wind speed and direction at Heron Island, for each day of the twelve month 
period of instrument deployment – see for example Figure 43. 
In Gourlay and Hacker (2008a, Section 7.3.2) certain inconsistencies in the velocities measured 
by the southern current meter during falling tides were attributed to the different effects of various 
wind and wave directions upon the reef-top current system around Heron Island.  It was also 
noted in Section 3.4 of that report that changes in the calibration of the southern current meter 
during its operation also might have contributed to these inconsistencies.  The evidence of this 
latter possibility is discussed in Appendix C of this report. 
Where appropriate in the remainder of this Chapter, the possible effects of calibration changes 
upon velocities measured by the southern current meter are noted in the text and/or on the 
relevant figures.  Specifically, in Section 2.5.3 data for V1, V3 and V4 at the southern current 
meter (Appendix D and Figure 33) have been corrected using the calibration changes in Appendix 
C and assuming a linear change with time. 
2.5.2 Time histories of reef-top tidal currents 
To gain a clearer understanding concerning the characteristics of the reef-top currents when winds 
are light (W ≤ 5 m/s) and waves small (HBP and Hwis ≤ 0.5 m), that is when currents are tidally 
dominated, 45 tidal cycles were selected from the overall data set of 685 tides  
(Appendix D): 
- 10 with symmetrical tides (0.9 ≤ Af < 1.1); 
- 18 with tide levels generally above mean sea level (Af ≥ 1.1); 
- 17 with tide levels generally below mean sea level (Af < 0.9). 
Unfortunately it was not possible to obtain more examples of tidally dominated current time 
histories because occurrences of mild conditions, i.e light winds and small waves, are rare at 
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Heron Island.  Even some of the examples selected were affected to some degree by winds and 
waves.  This is particularly the case when tidal ranges are small. 
Examples of time history data for reef-top currents and tide levels for each of these three groups, 
based on Af, are given in Figures 19 to 21.  Current velocities are designated positive when the 
flow was generally eastward from the boat harbour towards the lagoon and negative when the 
flow was generally westward towards the boat harbour.  For the southern current meter currents 
directed toward the sector 0° to 225° are taken as positive and those toward the sector 225° to 
360° are taken as negative.  The corresponding values for the northern current meter are 0° to 
125° (positive) and 125° to 360° (negative).  Both predicted and actual tides are included.  The 
asymmetric nature of the tidal curves for 8 – 9 April 1996 (Figure 20) and 29 June 1996 (Figure 
21) is clearly evident, as are consequent variations in the tidal current cycles, particularly during 
the period following high tide. 
To facilitate analysis and discussion the various velocity phases observed at the northern current 
meter have been designated v1, v2, v3 and v4 (Figure 22).  For analysis of the tidal current cycle at 
the southern current meter only v1, v3 and v4 are considered.  In the following comparisons of 
tidal current cycles (Figures 23, 24, 26 to 28), the tides under consideration are superimposed 
with the times of high tide coincident at 06:30.   
Symmetrical tides with different tidal ranges.  An initial comparison has been made 
between three approximately symmetrical tides (Figure 23), one from each tidal range group used 
previously (Gourlay and Hacker 2008a, Ch 6).  Predictably, current velocities at both current 
meters were generally dependent on tidal range.  The current velocity time histories for the large 
and medium tides are similar in form, whereas that for the small tide, which does not fall below 
the bund wall, is different.  Nevertheless, the maximum velocity of the ebb flow was essentially 
the same for all three tidal ranges, except for the small tide at the northern current meter. 
The tidal current cycle at the northern current meter shows a distinctive pattern with four current 
reversals during each tidal cycle, whereas that at the southern current meter is less consistent with 
two current reversals for the large tide and a more confused pattern for medium and small tides. 
For these three tides, as well as others under mild conditions, the maximum positive flood tide 
velocity V1 at the northern current meter generally occurred when zo ≤ 1.2 m.  In this comparison 
the maximum positive ebb tide velocity V3 occurred when zo ≈ 2 m. 
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In this comparison the small tide, which did not fall below the bund wall, began both to rise and 
fall about an hour or so before the large tide.  While the average tide commenced to rise later than 
the small tide but earlier than the large tide as might be expected, it fell during the latter stages of 
the ebb tide at the same time and with the same velocities (v4) as the large tide.  This latter 
behaviour is consistent with the development of weir control over the bund walls.  This behaviour 
occurred at both current meters. 
Tides with same tidal range and different asymmetries.  A second comparison is made 
between three tidal cycles with tidal ranges, Rf, of similar magnitude, 2.2 ± 0.05 m, (just above 
the lower bound of the large tide category) and three different asymmetries, Af = 1.51, 1.09, 0.62 
(Figure 24).  The form of the time histories for the currents is similar during the rising phases of 
the tidal cycle (v1 and v2) but the magnitude of the velocity v1 at the northern current meter 
appears to decrease with decreasing Af.  However, this decrease is more likely to be caused by the 
variation in magnitude of the range of the rising tide, Rr.   
Significant differences are evident at the northern current meter during the third phase of the tidal 
cycle.  During the early stages of the ebb tide, the tide flowed generally in a positive 
(northeastwards) direction over the reef-rim.  When Af was large (1.51), an additional pair of 
current reversals was recorded at the northern current meter on 6 April 1996 (and other 
occasions).  On this occasion, the ebb tide flowed initially northeastwards over the reef-rim; but 
then reversed and flowed in a negative (southward) direction towards the boat harbour for about 
half an hour, presumably augmenting the eastward flow south of the island (see Section 2.6.1).  
Subsequently it again reversed to flow northeastwards again.  Finally, it flowed towards the bund 
wall during the latter stages of the falling tide.  This additional pair of current reversals did not 
occur during the tidal cycles on 5 April 1996 and 28 – 29 June 1996 when Af = 1.09 and 0.62 
respectively 
Velocities during the v3 phase at the northern current meter were generally smaller for the tide 
with Af > 1 than for the tides with Af ≤ 1.  Conversely at the southern current meter, when Af was 
large, the velocities during the eastsoutheastward flowing v3 phase of the ebb flow were greater 
than at the northern current meter.  They reduced in magnitude when Af ≤ 1. 
Comparison of the final phase of the tidal current cycle, v4, when the ebb current flowed towards 
the boat harbour, can be seen more clearly in Figure 25 where the tides have been synchronised at 
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mean sea level on the falling tide rather than at high tide as in Figure 24.  At the northern current 
meter flow reversal occurred at or slightly above mean sea level, zo = 1.52 m, whereas at the 
southern current meter it occurred about 20 minutes later when zo ≈ 1.35 m.  These results are 
consistent with the observations of water levels and velocities reported in Section 2.3.  Moreover, 
there are no significant differences in velocities during this final ebb phase when flows were 
increasingly controlled by the bund walls and the maximum velocity, V4, was very similar, i.e. ca
0.27 m/s, at both current meters for all three values of Af.  The only exception is the southern 
current meter on 29 June and this record is one possibly affected by the calibration change 
referred to in Section 2.5.1. 
Tides with similar Rf and Af but different Rr and Ar.  The third comparison is made 
between four tidal cycles with approximately the same values of Rf and Af (Figure 26).  The tidal 
range was again about 2.2 m but Af = 1.35 ± 0.02.  In this case it would be expected that the tidal 
velocity cycles should be very similar but, while there is a general overall similarity, there are 
significant differences between these four current time histories.  Indeed there is evidence of a 
trend in the development of the velocity history during phase 3 of the tidal cycle but there is no 
clear reason as to what factors control this trend.
The differences during the rising tide can be explained in terms of different rising tidal ranges.  
The tidal cycles for 1 April and 13 April 1996 have Rr values of 2.09 and 1.97 m respectively, 
whereas those for 29 October and 28-29 June 1996 have larger values of Rr, 2.38 and 2.48 m 
respectively.  As might be expected the two tides with Rr ≈ 2 m have lower maximum values V1
and V2 than the two tides with Rr ≈ 2.4 m.  All four tidal cycles have similar actual high tide 
levels, i.e. zH ≈ 2.9 ± 0.1 m, but the time of high water slack current at the northern current meter 
(zero velocity between v2 and v3 phases) relative to the time of high water is variable, ranging 
from ca 45 minutes early to ca 30 minutes late. 
Examination of the various other tidal cycles under mild conditions provides some insight into 
why the tidal currents are different during phase 3 of the tidal cycle (northern current meter). 
(i) The basic four phase tidal cycle always occurs for large tides (Rf > 2 m) when the rising 
tidal range Rr is less than the falling tidal range Rf and Ar > Af.  
(ii) The extra current reversals during the early stages of the falling tide are associated with 
medium to large tides when Rr ≥ Rf ; Ar ≤ Af ; Rr and Rf > ca 1.60 m and Af ≥ 1.33. 
(iii) The duration of the extra negative ebb velocity phase is 40 to 110 minutes and the duration 
of the second positive ebb velocity phase varies from 0 to 90 minutes. 
44 
(iv) The extra negative velocity phase occurs on the falling tide when the ocean water level zo
lies between ca 2.5 m and ca 2.0 m.  It does not occur when zo  ≤  ca 2.0 m. 
(v) The extra negative ebb velocity phase only occurs when the maximum rate of rise of the 
tide is greater than its rate of fall, i.e. 
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(vi) The occurrence of a positive high tide anomaly, i.e. actual high tide greater than predicted 
high tide, is likely to induce conditions favourable to the occurrence of an extra negative 
ebb velocity phase. 
On the final phase of the ebb flow (v4) velocities at both current meters are similar for three of the 
selected tides and consistent with the occurrence of weir control at the bund wall.  For some 
unknown reason this phase of the tide on 1 April 1996 occurs about half an hour earlier than 
during the other three tides, despite the fact that the predicted falling tide levels relative to high 
tide are identical. 
Small tides.  A fourth comparison is made with small tides (Rr and Rf < 1.4 m) with one or both 
asymmetries, Ar and Af ≤ 1.  Four conditions are identified. 
(i) Both low tides were below bund wall crest, i.e. zL1 and zL2 < zb (Figure 27, 19 Jun 1996).  
For these tidal cycles Rr ≈ Rf and Ar ≈ Af ≤ 1.  Under these conditions, the tidal current 
pattern at the northern current meter was similar to that for large tides with four current 
reversals.  v1 is relatively large and increases as Rr increases.  v4 is also relatively large, 
being determined by weir control at the bund wall.  At the southern current meter the 
current pattern is similar to tides with larger ranges (Figure 26) but current velocities are 
smaller.  However, v4 is relatively large. 
(ii) Both low tides are above bund wall crest, i.e. zL1 and zL2 > zb, (Figure 27, 5 Sep 1996).  For 
these tidal cycles Rr ≈ Rf and Ar ≈ Af  ≥1.  In this situation, both the rising (v1) and ebb (v4) 
tidal velocities are reduced.  However, there is also a noticeable change in the current 
pattern during the early stages of the ebb tide.  At the northern current meter there is very 
little northeastward ebb flow over the reef-rim and the current reversal to southwestward 
flow towards the boat harbour occurs soon after high tide.  On the other hand at the 
southern current meter the eastward ebb flow (v3) extends for over three hours with 
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velocities up to 0.2 m/s and the current reversal towards the boat harbour occurs five hours 
after high tide compared with three hours when low tide is below the bund wall crest 
(Figure 27, 19 June 1996). 
(iii) Preceding low tide is above bund wall crest but following low tide is below it, i.e.  
zL1 > zb; zL2 < zb (Figure 27, 23 Aug 1996).  For these tidal cycles Rr < Rf and Af < Ar ≈ 1.  
In this situation, for 23 August 1996, where zL1 was clearly above the level of the bund 
wall, there was no positive inflow, v1 at the northern current meter, probably because 
waves on the northern side of the reef were about 0.6 m and were able to reverse the tidal 
flow of this small tide. On the other hand v4 is relatively large, being determined by weir 
control at the bund wall crest as in the first case.  Conditions at the southern current meter 
were similar. 
(iv) Preceding low tide is below bund wall crest but following low tide is above it, i.e.  
zL1 < zb; zL2 > zb (Figure 28).  For these tidal cycles Rr > Rf and Ar < Af ≈ 1.  At the northern 
current meter in this situation the rising tidal phases are similar to the first case on Figure 
27, 19 June 1996, but the falling tidal phases are different, being similar to 5 September 
1996.  If the high tide level zH ≤ 2 m, (23 July 1996) there is negligible positive outflow 
eastwards over the reef-rim during the falling tide (i.e. v3 ≈ 0) and the ebb current is 
directed towards the boat harbour all the time.  In the example of 21 August 1996, the 
actual high tide level was at least 0.2 m higher than the predicted high tide level, making zH
≈ 2.2 m.  When the high tide level zH > 2 m, v3 ≠ 0 and the ebb flow reverses direction 
when zo > zmsl.  The maximum value of v4 occurs at low tide and increases in magnitude as 
zL2 decreases, i.e. as zL2  zb.  For a given zH this is equivalent to increasing Af and Rf.   
The situation on 23 July is very similar to that on 5 September (Figure 27) where 
eastsoutheasterly flow at the southern current meter is enhanced and continues through the greater 
part of the full tidal cycle.  It appears that, there is an initial eastward inflow of two hours duration 
through the boat harbour onto the reef-flat on both sides of the island.  Subsequently, when zo ≈
1.65 m, the current reverses at the northern current meter, and an anticlockwise circulation is set 
up around the island.  This continues for most of the remaining portion of the tidal cycle until zo ≈
1.35 m when flow at the southern current meter reverses and flow on both sides of the island is 
directed towards the boat harbour as zo →  zL. 
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On 21 August (Figure 28) flow at the southern current meter was generally northwestward into 
the boat harbour since at the beginning of the tidal cycle the southerly, veering to southeasterly, 
winds were still greater than 5 m/s and the decreasing wave heights on the southern side of the 
reef were of the order of 1 m. 
In cases (ii) and (iii), if zL1 ≥ ca 1 m > zb  (Figure 27, 23 August 1996), then the rising tide flows 
radially over the reef-rim onto the reef-flat during most of the flood tidal phase.  Under these 
circumstances the inflow through the boat harbour is small and the magnitude of v1 is also small. 
2.5.3 Relationships between current velocity, tidal range and tidal asymmetry 
The relationship between reef-top tidal current velocities and tidal range has been examined by 
defining the maximum velocities for the v1, v2, v3 and v4 phases of the tidal cycle as shown in 
Figure 22.  These maximum velocities, V1, V2, V3 and V4, have been estimated visually from the 
velocity time history traces, averaging out the shorter fluctuations from wave groups.   
Northern current meter. The velocity maxima increase with tidal range (Figure 29).  The two 
rising tide maxima V1 and V2, correlate well with both Rr and Rf but V1 correlates better with Rr
and V2 with Rf.  On the falling tide, V3 does not correlate well with Rf and V4 shows a different 
type of behaviour for small tides (Rf < 1.4 m) than for medium to large tides (Rf ≥ 1.4 m).  In the 
latter case V4 is approximately independent of Rf, reaching a maximum value of 0.3 m/s.  This is 
consistent with the weir control exerted on the flow during the later stages of the ebb tide. 
It is possible that the discrepancies from the linear relationship between velocity and tidal range 
are caused by different amounts of tidal asymmetry.  Considering the dimensionless maximum 
tidal velocity, VT/R, and the tidal asymmetry parameter, A, (Figure 30), where VT/R and A are 
calculated using rising tide values of T, R and A for V1 and V2 and falling tide values for V3 and 
V4,  no correlation is evident for V1Tr/Rr and V2Tr/Rr with Ar, whereas there is the possibility that 
V4Tf/Rf does vary with Af. 
Up to this point R and A have been calculated from predicted ocean tides at Heron Island.  The S4 
current meters also recorded water depths and hence actual tides on the reef-top, although 
measurements of low tides, particularly when ocean tides drop below the bund wall crest level, 
were not possible.  However, it has been possible to estimate probable actual low tide levels from 
the water depth measurements and, using measured high tide levels, calculate actual values of 
tidal range R
1
 and asymmetry parameter A
1
 for both rising and falling tides. 
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The data for V4Tf/R
1
f
 was then divided into two groups: - 
• m4.1R 1 ≥f and bL zz
1 < ,  
• m 41R 1 .f <  and/or bL zz
1 ≥ .   
where the bund wall crest elevation, zb = 0.86 m. 
For the larger tides (first group), V4Tf/R
1
f
 has no correlation with A
1
f
 (Figure 31a).  However for 
the smaller tides there is a definite correlation with the magnitude of V4Tf/R
1
f
 decreasing as A
1
f
increases (Figure 31b). 
As explained previously, (Section 2.3.1), the actual tide level, z 1
b
, at which bund wall control of 
reef-top water levels begins is greater than zb.  Using the value z
1
b
= 0.935 m (Section 2.3) instead 
of zb = 0.86 and replacing the limiting value, R
1
f
= 1.4 m by R
1
f
= 1.32 m for which a 
symmetrical tide (A
1
f
= 1.0) does not fall below the bund wall crest, there is no significant change 
in the relationship between V4Tf/R
1
f
 and A
1
f
 (Figure 22c) for the larger tides which fall below 
the bund wall crest.  However, for smaller tides, which do not fall below the bund wall, the 
correlation is improved.  This is largely because three data points previously in this group have 
been reallocated into the larger tide group.  Examination of the actual and predicted tide records 
confirmed that this was consistent with reality. 
Hence, for small tides ( )m935.0zand/orm32.1R 11 ≥< Lf  which are unaffected by weir control 
at the bund wall crest, the maximum ebb tidal current velocity V4 at the northern current meter 
site is given by  
4858764
R
TV
1
1
4
−= f
f
f
A (9a)
Equation 9 shows that for tides unaffected by the bund walls the reef-top ebb tide velocity is 
directly proportional to the tidal range for a symmetrical tide ( )1A1 =f , as expected from theory, 
but it decreases as the tidal asymmetry increases.  That is, for a given tidal range, 
1
R f , when 
1
A f
is larger, the depth of water over the bund wall crest is also larger and hence, for an equivalent 
rate of fall of the tide, the velocity over the bund wall crest and the nearby reef-top is less.  
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Referring to Figure 32a, if A is area of reef drained, Bb is length of bund wall over which 
drainage occurs and both A and Bb are assumed to be constant: 
( )
dt
dz
AzzBv 0bLbb =−
dt
dz
)z(zB
A
v 0
bLb
b ⋅
−
=  (10) 
Now from Figure 32b 
( ) ( )bLbbrLbr zzBvzzBv −=− (11) 
whence 
( ) dt
dz
zzB
A
v o
rLb
r
−
= (12) 
Hence vr decreases as zL – zr increases and hence as Af increases. 
Whence for constant R, V4T/R decreases as Af increases. 
Southern current Meter.  The velocity maxima increase with tidal range as for the northern 
current meter except that there is no negative v2 phase (Figure 33).  The rising tide maxima V1 are 
generally almost 20% less than their northern counterparts and do not correlate as well with tidal 
range.  On the other hand the initial ebb maxima V3 are generally over 50% greater than those at 
the northern current meter.  They also correlate better with the tidal range although their 
correlation is still less than 0.5.  The maximum velocities V4 during the latter stage of the ebb 
flow show a similar tendency to the northern current meter for different relationships with tidal 
range when R < 1.4 m and R ≥ 1.4 m.  For small tides the relationship between V4 and Rf is much 
the same for both locations.  For medium and large tides V4 tends to be a little smaller at the 
southern current meter compared with the northern current meter.  Attempts to relate V4Tf/Rf for 
the southern current meter to Af did not produce any meaningful relationships. 
2.5.4 Influence of bund walls upon reef-top velocities  
As explained in Section 2.3.1 as ocean tide levels approach and fall below the elevation of the 
bund wall crests, the latter begin to act as broad crested weirs ponding the remaining water on the 
reef-top.  The maximum ebb velocity (V4) on the reef-top behind the bund walls occurs at the 
inception of weir control when the head over the bund walls is a maximum.  The velocity 
subsequently decreases as the ponded water is discharged over the bund wall and through the 
porous coral areas either side of the boat harbour.  Figure 34 shows schematically the behaviour 
observed in Figures 4 to 12 and described in Sections 2.3.3 to 2.3.6. 
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The velocity over the reef-top behind the bund walls during weir control conditions is related to 
the head of water, h, over the weir crest.  Referring to Figure 32(b), weir control commences over 
the bund wall crest when critical flow occurs.  The conditions for this are 
3
2
zoc = h + zb (13) 
 and 
2
bv /2g = h/3 
assuming reef-top velocity head is negligible  
(for vr = 0.3 m/s,  m0.005
2g
v2
< ) 
From continuity  
 q = (zoc + h/3 – zr + hf) vr = 
3
2
 h vb (14) 
Substituting in equation 14 
  (h + zb – zr + hf) vr = 
23
3
2
/






 g
1/2
 h
3/2
   (15) 
Allowing for shape of bund wall weir crest CD and relative widths of approach channel and weir 
crest Cc, equation 15 becomes 
( )frb
3/21/2
cD
r
hzzh
hgCC0.5443
v
+−+
=   (16) 
Taking CD = 0.84, Cc = 1, g = 9.81 m/s
2
, zb = 0.86 m, and assuming hf = 0 
 vr = ( )r
3/2
z0.86h
h1.432
−+
 m/s  (17) 
From water level observations (Table 2) zoc generally lies between 0.98 and 1.03 m which 
correspond to h = 0.12 and 0.17 m respectively.  Reef-top elevations zr in the main drainage 
channels are generally between 0.5 and 0.7 m. Corresponding values for vr are given in Table 5. 
Table 5 Velocities behind bund walls at inception of weir control (Equation 17) 
zoc
m
h 
m 
zr 
m 
vr 
m/s 
0.98 
1.03 
0.12 
0.17 
0.5 
0.7 
0.5 
0.7 
0.12 
0.21 
0.19 
0.30 
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Comparison with maximum ebb velocities V4 on various figures (Figures 8, 11, 19 to 21, 23 to 
26) shows that observed maximum velocities at the inception of weir control were all within the 
range 0.2 to 0.3 m/s.  In the case on 30 June 1996 (Figures 8 and 11) when zoc was measured as 
1.03 m, the maximum velocities behind the bund walls were 0.21 m/s (corrected value 0.23 m/s) 
at the southern current meter and 0.29 m/s at the northern current meter.  These values are 
consistent with those in Table 5 if zr = 0.5 m on the southern side and 0.7 m on the northern side 
of the bund walls. 
Figure 19 Time histories for reef-top currents, 5 April 1996
for falling tide between 9:10 and 15:30
Af = 1.09 (0.9 <= Af < 1.1)
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Figure 20 Time histories for reef-top currents, 8 - 9 April 1996
for falling tide between 23:50 and 6:30
Af = 2.02 (Af >= 1.1)
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Figure 21 Time histories for reef-top currents, 28 - 29 June 1996
for falling tide between 6:40 and 12:50
Af = 0.62 (Af < 0.9)
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Figure 22 Definitions of velocity phases, v, and maximum 
velocities, V, for tidal cycles measured at the northern 
meter 
Figure 23 Comparison of tidal currents for three approximately
symmetrical tides with different tidal ranges
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Figure 24 Comparison of tidal currents for three asymmetrical tides 
with similar tidal ranges for falling tide, Rf = 2.20   0.05 m
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Figure 25 Comparison of tidal currents for three asymmetrical tides 
with similar tidal ranges for falling tide, Rf = 2.20   0.05 m
Tidal cycles synchronised at mean sea level on falling tide
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Figure 26 Comparison of tidal currents for four tides 
with similar tidal ranges and values of Af for the falling tide
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Figure 27 Comparison of tidal currents for three small tides, Rf < 1.4 m 
19 Jun 96 Both low tides are below bund wall crest
5 Sep 96 Both low tides are above bund wall crest
23 Aug 96 Preceding low tide above bund wall crest, 
following low tide below it
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Figure 28 Comparison of tidal currents for two small tides, Rf < 1.4 m 
23 Jul 1996 and 21 Aug 1996
Both tides with preceding low tide below bund wall crest
and following low tide above it
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Figure 29 Relationships between velocity maxima and tidal range
- Northern current meter, selected mild conditions tides
(Rr and Rf calculated from predicted tides)
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Figure 30 Relationships between dimensionless velocity parameter,
VT/R, and tidal asymmetry parameter, A,
for both rising and falling tides
- Northern current meter, selected mild conditions tides
(R and A calculated from predicted tides)
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Figure 32 (a) Influence of tidal asymmetry parameter, Af, upon 
reef-top flow velocity for similar tidal ranges, R 
 (b) Weir control of flow over bund wall 
Figure 33 Relationships between velocity maxima and tidal range
- Southern current meter, selected mild conditions tides
(Rr and Rf calculated from predicted tides)
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Figure 34 Schematic representation of influence of bund walls upon 
reef-top velocities 
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2.6 Synthesis of Tidal Current System under mild conditions  
2.6.1 Tidal range R ≥ 1.4 m  
At low tide, the ocean tide level first begins to rise at the eastern end of Heron Reef as the tidal 
wave propagates from the southeast, travelling up Wistari Channel and along the northern side of 
the reef (Figure 35).  Under these conditions tide levels are higher at locations B and C than at the 
mouth of the boat harbour, location A.  However, ocean tide levels at A, B and C are all lower 
than the edge of the reef.  As the tide level rises, the water level in the boat harbour rises and, 
when zo ≥ 0.86 m, overtops the bund walls.  The actual reef-rim is lowest  (zo = 0.4 to 0.6 m) at 
the western end of the reef, but the height of the extensive coral cover growing on the western end 
of the reef-top around the boat harbour is approximately 0.9 m LWD.  This restricts the early 
stages of the rising tide to the boat harbour.  After the bund walls have been overtopped, the 
increasingly rapidly rising water level at A causes strong flow into the sandy channels (moats) on 
both sides of the island (Figure 35).  On the northern side of the harbour this flow is directed 
northeastwards in front of the seawall (S4N) while on the southern side the flow is 
eastsoutheastwards along the southern moat.  Maximum inflow through the boat harbour is 
attained when zo is a little over 1 m, i.e. when the ocean water level is approximately equal to the 
level of the reef-rim crests north and south of the island (zo ≈ zr = 1.05 m). 
Ocean tide levels at B and C are now higher than the reef-rim crest around the whole of the 
western end of the reef surrounding the island (Figure 36).  Water can flow across the reef-rim 
onto the reef-flat on both sides of the island, but is still impeded by the roughness of the coral.  
Consequently, flow continues to be concentrated in the moats around the island.  On the southern 
side, the increasing flow over the reef-rim turns eastward and augments the flow along the 
southern moat.  While the velocity at S4S decreases after flow comes over the reef-rim, it does 
not reverse because the flow path along the moat between the boat harbour (TW2) and the eastern 
end of the island (TW10) is almost completely free of coral and deeper and smoother than the 
flow paths across the reef-top. 
On the northern side of the island the northeastward flow at S4N decreases to zero at zo ≈ 1.7 m as 
increasingly large flows come over the northern reef-rim crest and the water level on the northern 
reef-flat rises.  When the water level at A exceeds 1.7 m, the flow from over the northern reef-rim 
dominates and the current at S4N is southwestward towards the boat harbour since the ocean 
water level at B is higher than that at A (Figure 37).  Some of this southwestward flow passes 
around the western end of the island and contributes to the eastsoutheastward flow along its 
southern shore. 
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The tide on the reef-flat to the east of Heron Island commences to fall about 30 to 20 minutes 
before high tide at A.  At this time the water levels at B and C have become lower than that at A 
so water begins to flow from the boat harbour in a generally eastward direction around both sides 
of the island (Figure 38).  On the southern reef-flat, the southern reef-rim tends to form a 
watershed, with flow north of the rim flowing in a generally eastwards direction. 
As the tide level falls below mean sea level, zo = 1.52 m, reef-top topography and the presence of 
coral begin to increasingly dominate the reef-top current patterns around the island (Figure 39).  
On the northern reef-flat the flow in front of the sea wall (S4N) decreases and reverses to flow 
southwestwards again.  Flow along the southern side the island is still eastsoutheastward. 
When the tide level falls below 1.35 m, reef-top topography begins increasingly to influence the 
current patterns around the island.  A water level gradient of about 0.1 m develops between the 
eastern end of the island (TW10) and the boat harbour and flow along the southern side of the 
island reverses direction to flow towards the boat harbour.  This flow is in the opposite direction 
to the ocean tidal flow in Wistari Channel (Figure 40).  On the northwestern side of the island, 
water flows off the reef over its western end and also through the boat harbour.  The influence of 
the ocean levels at B and C on reef-top currents decreases as the tide continues to fall and the 
seaward flow off the reef is increasingly concentrated towards the boat harbour and the western 
end of the reef.  Maximum flow over the southern reef-rim (elevation zr ≈ 1.05m) occurs when the 
water level at the eastern end of the island (TW10) is 1.35 m and the reef -rim begins to act as a 
broad crested weir (Figure 6). 
The velocities of the flow towards the boat harbour, both at S4N and S4S, increase rapidly as the 
difference in water level between the eastern and western ends of the island increases (Figures 41, 
6 and 7).  Flow over the reef-rim diminishes and when the tide level reaches the level of the reef 
rim (zo = 1.05 m), flow off the reef is restricted to channels in the rim and flow through the coral.  
Ponding of water behind the bund walls commences at this stage.  The data from the current 
meters demonstrate that maximum flow is attained when the water level on the reef-top at TW2 
and TW5 is 1.0 ± 0.05 m (Figures 8 and 10) and the head difference between the eastern and 
western ends of the island attains a maximum value of 0.22 to 0.25 m (Table 3).  The bund walls 
now act as broad crested weirs controlling the flow from the reef-flat into the boat harbour.  The 
flow over the walls then gradually decreases as the level of the water ponded behind them 
decreases.  When the bund walls control the outflow from the reef-flat, the velocity is 
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independent of the tidal range and depends only on the elevation of the ponded water behind the 
walls relative to the bund wall crests. 
2.6.2 Tidal range R < 1.4 m 
When tidal ranges are small the pattern of tidal flows on the reef-top around Heron Island 
becomes less clear as the velocities are smaller.  Consequently, the tidal patterns are more easily 
influenced by wind and waves.  As completely mild conditions occur rarely at Heron Island, there 
were only 17 and 18 occasions when the rising and falling tides respectively were less than 1.4 m 
during such conditions.  The pattern is also influenced by the occurrence or non-occurrence of 
weir control at the bund walls.  Four possible conditions exist depending upon whether or not the 
low tide levels zL1 and zL2 are above or below the crests of the bund walls. 
Considering first the rising tide, if zL1 < zb, the flow pattern of the rising tide is similar to the early 
phases of larger tides when R > 1.4 m and 1.0 < zo < 1.6 m but the velocities are smaller, of the 
order of 0.18 m/s, maximum 0.21 m/s.  Current reversal towards the southwest at the northern 
current meter generally occurs at a small value of zo ≈ 1.5 m rather than 1.7 m when R > 1.4 m. 
If zL1 > zb the current records indicate that inflow generally still occurs through the boat harbour, 
where there is less resistance to flow, but with further reduced velocities, maximum 0.17 m/s.  
However, on one occasion with a high actual low tide level zL1 of 1.2 m, the tide flowed towards 
the west for most of the flood tide.  It has been observed, and noted previously, that the tide 
comes in from the east around Heron Reef.  So when the low tide level is high, in this case, 
around 1.2 m, the tide comes in across the reef in a westwards direction, and there is virtually no 
flow in through the boat harbour.   
During the falling tide, if zL2 < zb, the ebb flow phases are similar to those when R > 1.4 m and 
1.5 > zo > 1.0 m and again velocities are smaller, approximately 0.07 m/s in the early ebb phase.  
Previous development of a clockwise or anticlockwise circulation around Heron Island may cause 
this reversal to occur at lower or higher tide levels. 
As with larger tidal ranges, maximum tidal velocities are generally attained on the final stages of 
the ebb tide, at the commencement of weir control, in this case up to 0.26 m/s 
3
. 
                                                     
3 Some southern current meter readings under mild conditions in January 1997 are up to 0.33 m/s.  These appear to be 
anomalous and may be associated with instrument calibration problems (see Appendix C). 
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If zL2 > zb, tidal flows on the early stages of the ebb tide may follow the normal pattern, or a 
clockwise or anticlockwise pattern may have developed and be maintained in the presence of only 
minor tidal influences.  When tide levels fall below 1.35 m flow is generally westwards, but still 
generally in the direction of the boat harbour as the flow path is smoother.  When there is no weir 
control maximum ebb flow velocities tend to peak at low tide and are of the order of 0.16 m/s. 
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Figure 35 Tidal currents around Heron Island, R ≥ 1.4 m 
 - rising tide, early stage, zL < zo < 1.1 m 
7
2
Figure 36 Tidal currents around Heron Island, R ≥ 1.4 m 
- rising tide, mid stage, 1.1 m < z0 < ca 1.7 m 
7
3
Figure 37 Tidal currents around Heron Island, R ≥ 1.4 m 
- rising tide, late stage, ca 1.7 m < z0 < zH 
7
4
Figure 38 Tidal currents around Heron Island, R ≥ 1.4 m 
 - falling tide, early stage, zH > z0 > ca 1.5 m 
7
5
Figure 39 Tidal currents around Heron Island, R ≥ 1.4 m 
   - falling tide, early mid stage, 1.5 m > z0 > 1.35 m 
7
6
Figure 40 Tidal currents around Heron Island, R ≥ 1.4 m 
- falling tide, late mid stage, 1.35 m > z0 > 1.05 m
7
7
Figure 41 Tidal currents around Heron Island, R ≥ 1.4 m 
 - falling tide, late stage, 1.05 m > z0 > zL 
78 
2.7 Summary 
The offreef flood tide in the vicinity of Heron Island comes from the southeast and flows 
westward along the northern side of the reef, and northwestward up the Wistari Channel.  The 
offreef ebb tide flows in the reverse directions.  Under mild conditions (W < 5 m/s; Hos < 0.5 m), 
the currents on the reef-top are determined by small differences in water level as the offreef tides 
interact with the reef-top topography.  The flow on the reef-top is controlled in two ways: 
(i) channel control where the roughness of the reef-top and water level difference 
between given locations determines the flow; 
(ii) weir control where the flow over the reef-rim or bund wall is no longer affected by 
the ocean tide level, but depends only on the height of water above the reef-rim or 
bund wall. 
Channel control occurs when the reef-top is completely submerged and weir control occurs 
when the offreef tide level falls towards and below reef-top level.  The former condition generally 
occurs on Heron Reef during all tides at tide levels above approximately 1.35 m LWD; while the 
latter condition normally occurs during spring low tides at tide levels below 1.1 to 1.2 m.  Under 
weir control, water is ponded on the reef-top and water levels there fall much more slowly than 
the offreef tide levels and continue to fall during the early stages of the incoming flood tide until 
the rising tide level reaches the level of the reef-top.  Water level measurements on the reef-top in 
the vicinity of the boat harbour and around the island indicate that, at the western end of the of 
Heron Reef, weir control at the reef-rim (zr  1.05 m) on either side of the island commences 
when zo 1.35 m.  At the bund walls, (zb = 0.86 m) weir control commences when the offreef tide 
level falls below 0.95 m.  However, even light winds may cause some set-up which may increase 
this level to 1.05 m. 
Actual ocean tides are not symmetric with respect to mean sea level but are asymmetric because 
of the various astronomical factors influencing tide generation.  This asymmetry can be quantified 
by the asymmetry parameters Ar and Af, which represent the asymmetry of the rising and falling 
tides respectively.  If A = 1, the tide is symmetric about mean sea level; if A > 1 the tidal cycle is 
raised relative to mean sea level; conversely if A < 1, the tidal cycle is lowered relative to mean 
sea level.  Hence the magnitude of A influences the duration of time that the ocean low tide is 
below the bund wall crest.   
When considering the measured currents on the reef-top, it is difficult to select tidal cycles that 
represent the influence of tidal action only.  In an open ocean situation calm conditions are rare 
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and there is usually some wave action such as low swells.  Even defining mild conditions as wind 
speeds less than 5 m/s and significant wave heights less than 0.5 m, it was only possible to 
identify 45 tidal cycles of tidally dominated currents from the overall data set of 685 tides. 
The velocities of tidally dominated reef-top currents increase with increasing tidal range under 
conditions of reef-top control but, for average and large tidal ranges, the maximum ebb tide 
velocities on the reef-flat behind the bund walls become constant between 0.2 and 0.3 m/s after 
reef-rim control is established.  For small tides (R < 1.32 m), when reef-rim control does not 
occur at the bund wall, the maximum ebb tide velocity behind the bund wall is given by a 
relationship of the form 
2f1f
f
f4 CAC
R
TV
−= (9b) 
 where Cf1 and Cf2 are empirical constants 
Under mild conditions, the general tidal behaviour on the reef-top in the vicinity of the boat 
harbour and the island can be summarized for average and large tides (R  1.4 m) as follows: 
The rising tide initially flows into the boat harbour and covers the low western end of the 
reef.  When zo  0.9 m there is flow over the bund walls onto the reef-flat and eastwards 
around both sides of the island.  When zo > 1.1 m radial inflow commences over the reef-
rim on either side of the island.  As this radial flow increases, the flow from the boat 
harbour decreases, becoming zero on the northwestern side of the island when zo  1.7 m.  
For ocean tide levels higher than 1.7 m there is westward flow on the northern reef-flat 
resulting in an anticlockwise circulation around the island and outflow through the boat 
harbour. 
When the tide level commences to fall, usually there is eastward flow on the reef-flat 
along both sides of the island, although on the northern side initially there may be a period 
of westward flow during larger tides under some conditions.  As the ocean tide level falls 
below mean sea level, zo = 1.5 m, southwestward flow into the boat harbour develops on 
the northern reef-flat, while the eastward flow is maintained along the southern side of the 
island.  When weir control occurs over the reef-rims opposite the eastern end of the island 
(zo  1.35 m), the flow on the southern side reverses to westward and the ebb currents 
along both sides of the island are directed towards the boat harbour as water ponded on 
the reef  by the reef-rim and the bund walls comes under weir control.  Flow from the 
reef-top is now westward out through the boat channel into Wistari Channel. 
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When tidal ranges are small (R < 1.4 m), velocities are smaller and tidal flow patterns are more 
easily influenced by wind and waves.  Moreover tidal flow patterns also vary depending upon 
whether or not the low tide falls below the bund wall crest. 
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3 REEF-TOP CURRENTS DURING METEOROLOGICAL 
EVENTS 
3.1 Meteorological Conditions along Queensland Coast 
The wet season typically begins in northern Queensland during December with the coming of the 
northwest monsoon, following the development of an area of heat induced low pressure in 
northern Australia.  The southerly extent of the summer wet season in Queensland is highly 
variable and has been found to be influenced in part by the southern oscillation index and El Niño
events (ENSO).  Winds along the Queensland coast tend to be easterly or northeasterly during the 
summer months.  Further south, eastward-moving southern high pressure systems and 
accompanying cold fronts move across the continent, generally passing over Tasmania. 
Tropical cyclones with accompanying gale force winds and/or torrential rain may occur from mid 
December onwards and usually generate in or near the monsoon trough.  They affect the 
Queensland region on an average of once a year. Those affecting the Great Barrier Reef region 
usually develop in the northern Coral Sea and move onto the coast in a generally southwestward 
direction.  The combination of a southwesward moving tropical cyclone and a slow eastward 
moving high pressure system to the south inevitably results in an increasing pressure gradient in 
the southern Coral Sea.  The ensuing strong to gale force winds generate rough southeasterly seas 
and, as the high moves away from the coast, lengthening southeasterly swells in southern Great 
Barrier Reef waters and at Heron Island.  Normally the tropical cyclone season ends in mid April. 
At the same time the southern high pressure systems and cold fronts tend to move northward, 
traveling across the Great Australian Bight and Victoria, and by May have an increasing influence 
upon winds and weather in the southern Great Barrier Reef region.  As the path of the southern 
high pressure systems moves further northward and they travel across the full width of the 
Australian continent, drier conditions develop in Queensland and southeasterly winds become 
more frequent along the Queensland coast and in Great Barrier Reef waters.  The high pressure 
systems moving eastwards across the continent are separated by areas of lower pressure, 
frequently associated with troughs and/or cold fronts extending northwards from the eastward 
moving low pressure systems further south.  As the troughs approach the Queensland coast from 
the west, they may bring rain and/or storms.  In winter the troughs are frequently followed by 
drier, cooler, southwesterly winds, preceding the southeasterly winds generated by the next high 
pressure system.  Infrequent extra-tropical depressions or East Coast Lows may develop off the 
eastern Australian coast during May and the following months. These occur when areas of surface 
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low pressure associated with the passage of a cold front combine with an area of upper level low 
pressure.  East Coast Lows have produced short-lived but quite intense weather systems affecting 
Heron Island. 
Waves in Great Barrier Reef waters during the prevailing southeasterly weather conditions vary 
in intensity with a five to twenty day pattern coinciding with the passage of the southern high 
pressure systems.  Under moderate southeasterly winds (8 m/s) waves on the windward side of 
the Great Barrier Reef generally are composed of sea (Tp ≈ 5 s) and swell (Tp ≈ 10 s).  As winds 
approach gale force (15 m/s) a single sea peak develops with periods between 8 and 10 s 
(Wolanski 1986). 
The influence of the southern high pressure systems is greatest in late July and August and this is 
the driest period of the year in Queensland.  Subsequently, in late August / early September the 
path of the high pressure systems begins to move southward as the conditions in northern 
Australia become warmer and by December the low pressure intertropical convergence zone or 
monsoon trough becomes established over northern Australia and Torres Strait, setting up 
conditions for the onset of the northwest monsoon and also favourable for the generation of 
tropical cyclones. 
3.2 Meteorological Events and their effects on Reef-top Currents 
3.2.1 Meteorological events  
The influence of different meteorological conditions upon the waves and reef-top currents in the 
vicinity of Heron Island boat harbour is shown by a selection of several examples of “events”, 
extending over three or more days (Appendix E).  The examples include commonly occurring 
southeasterly weather conditions, as well as some influenced by tropical cyclones; summer swell 
conditions; northwesterly weather conditions; and storm events.  In each case time series plots are 
presented for each day giving current velocity and direction at both current meters, predicted and 
measured tide levels, wave height and period at both wave rider buoys and local wind speed and 
direction at Heron Island.  Daily weather maps at 10:00 are also given. 
3.2.2 Southeasterly winds – noncyclonic conditions 
These are the most commonly occurring events.  Three have been selected for discussion and at 
least four others have been identified during the twelve month recording period.  These events are 
all associated with the eastward passage of a high pressure system across the Australian continent 
and into the Tasman Sea. 
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8 to 10 May 1996 
Strong wind warnings were issued for the Queensland coast south of Cooktown on 8 May (BM 
May 1996).  The influence of the high began to be felt at Heron Island at about 09:00 on 8 May 
when it was centred over southeastern South Australia (Figure 42).  Winds at Heron Island 
increased from 5 to 10 m/s over three hours and fluctuated about 10 m/s from 11:00 to 03:00 next 
day (Figure 43a).  At the same time the winds, initially southerly early on 8 May, became 
southeasterly from 12:00 on 9 May, as the high passed over Victoria into the Tasman Sea.  Wind 
speeds fluctuated from 10 to almost 15 m/s during 9 May, and except for a few hours early on the 
morning of 10 May, remained above 10 m/s until about 12:00 on that day before subsiding to 5 
m/s at midnight as the high moved further east (Figure 43c).  The final strong wind warning for 
the coast was issued on 11 May (BM May 1996). 
Before the influence of the high was felt at Heron Island at about 12:00 on 8 May the waves there 
were swells with periods just under 10 s and heights of 1 m at Blue Pools and about 0.5 m at 
Wistari (Figure 43a).  During this event waves at Blue Pools varied between 0.5 m and 1 m, 
except for a brief period on the morning of 10 May when they reached 1.3 m.  At Wistari they 
increased with the wind speed reaching 2 m height at 14:00-15:00 on 9 May when the local winds 
were a maximum (Figure 43b).  They subsequently subsided to less than 1 m at midnight on 10 
May (Figure 43c).  Wave periods at Wistari during this event varied from 5 to 7 s, while the 
periods at Blue Pools were always longer than those at Wistari but did not exceed 10 s. 
The tides during this event were mixed with average (1.8 to 2 m) tides alternating with small (ca 
1.2 m) tides.  Actual high tides were up to 0.15 m above predicted tide levels (Figure 43a to c). 
The currents on the northern side of the boat harbour generally were not affected significantly by 
wave-generated currents.  However, currents on the southern side were reversed by the wind and 
wave-generated currents from about 10:00 on 8 May when the wind reached 10 m/s and 
continued to flow in a northwesterly direction into the boat harbour until 22:00 on 10 May.  
Maximum speeds of at least 0.35 m/s occurred on 9 and 10 May when weir control developed 
over the bund wall during the ebb tide.  Water depths over the southern bund wall at low tide 
were 0.1 to 0.2 m during this event.  Between 11:00 and 16:00 on 9 May during a small tide 
waves at Wistari were greater than 1.5 m and reached 2 m at 15:00.  Current speeds varied from 
0.2 to 0.3 m/s (Figure 43a to c). 
Similar events occurred on 8 to 9 October and 20 to 23 December 1996. 
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Figure 42 Daily weather maps - 8 to 10 May 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S
  
Figure 43 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 8 May 1996
Current speed Current direction
Standard deviation of current speed
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Figure 43 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 9 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 43 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 10 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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15 to 18 May 1996 
Strong onshore winds developed along the Queensland coast south of Fraser Island on 13 May as 
the next high pressure system moved across the Great Australian Bight.  These southeasterly 
winds extended northwards to St Lawrence on 14 and 15 May (BM May 1996).  They began to 
affect conditions at Heron Island at 04:00 on 15 May when wind speeds increased from 4 m/s to 9 
m/s at 06:00.  Southsoutheasterly to southeasterly winds were sustained at or just below 10 m/s 
during most of the day until 21:00.  No wind measurements were recorded between 21:00 on 15 
May and 06:00 on the following day but it is probable that winds at Heron Island were near gale 
force (15 m/s) during this period (Figure 45a & b).
During the evening 16/17 May a trough formed in the Coral Sea and had developed into a low 
about 500 km east of Fraser Island by 10:00 on 18 May.  During this process the pressure gradient 
along the southern Queensland coast tightened and winds increased to gale force on 17 and 18 
May.  Subsequently they weakened as the low moved away from the coast (Figure 44).  Winds at 
Heron Island reached 14 m/s at midnight 16/17 May but may have reached gale force at about 
12:00 on 17 May. The anemometer appears to have malfunctioned between 10:00 and 20:00 that 
day, since it records a constant speed of 14 m/s during this period (Figure 45b & c).  Wind 
direction became southerly under the influence of the low on 17 May and by 12:00 on 18 May it 
was southwesterly.  Wind speed decreased to 5 m/s as the low moved away from the coast (Figure 
45d). 
Waves at Blue Pools were generally less than 0.5 m high with periods of about 7 s on 16 May.  
The latter gradually increased to 12 s on 18 May.  Wave heights at Wistari generally increased 
and decreased with changes in the local wind speed.  Wave heights of 2 m were attained around 
midnight of 15 and 16 May and about 12:00 on 17 May.  Wave periods at Wistari ranged between 
5 and 7 s (Figure 45a to d). 
Tides during this event were generally large, ranging between just under 2 m and up to 2.6 m. 
During this event the combination of the small waves on the northern side of the reef and the 
large tidal ranges had the effect of producing minimal changes to the tidal current pattern on the 
reef flat north of the boat harbour.   
Actual high tide levels were 0.1 to 0.2 m above predicted tide levels and low tide levels on the 
southern side of the boat harbour were 0.1 to 0.15 m over the bund wall crest (Figure 45a to d).  
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The latter amount appeared to vary with the range of the preceding falling tide and possibly the 
wind / wave conditions. 
On the southern side of the boat harbour the eastsoutheasterly currents were reversed when 
Wistari wave heights exceeded 1 m, except during the initial rise of the large tides on the 
afternoons of 15, 16 and 17 May when easterly to eastsoutheasterly currents occurred for up to 
one hour (Figure 45a to c).  As in the previous event, peak currents occurred on the ebb tide as 
weir control developed over the bund wall.  The maximum current speeds ranged from 0.25 to 0.4 
m/s depending on the wave heights at Wistari and the range of the falling tide. 
A rather similar but more extended event occurred between 11 and 16 June 1996 when a large 
high pressure system was stationary over Tasmania and the offshore pressure gradient sustained  
southsoutheasterly waves for several days. 
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Figure 44 Daily weather maps – 15 to 18 May 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
  
Figure 45 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 15 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 45 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 16 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 45 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 17 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 45 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 18 May 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Northern Current Meter
20
25
30
35
0
1
2
3
W
a
te
r 
te
m
p
. 
d
e
g
s
 C
T
id
e
 l
e
v
e
l,
 m
 L
W
D
N adj = 0.031
S adj = zero
Tide Levels
temperature
conductivity
Bund wall
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Southern Current Meter
0
5
10
15
20
0
1
2
3
4
T
p
, 
s
e
c
o
n
d
s
H
s
, 
m
Wistari
Blue Pools
Wave Height, Hs and Period, Tp
0
90
180
270
360
0
5
10
15
20
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
W
in
d
 s
p
e
e
d
, 
m
/s
Time - 18 May 1996
Wind Speed and Direction
95 
22 to 30 March 1996 
Strong wind warnings were issued on 21 and 22 March for coastal waters between Bowen and 
Coolangatta as a high pressure system moved from the Great Australian Bight across Victoria 
reaching the Tasman Sea by 23 March (BM Mar. 1996).  It then slowly moved eastsoutheastward 
towards New Zealand during the next several days.  At the same time a low pressure region 
developed in the Coral Sea at about 15
0
S and 155
0
 to 160
0
E and on 25 March tropical cyclone 
“Beti” formed near New Caledonia (Figure 46).  During this event a strong pressure gradient was 
maintained along the Queensland coast with fresh to strong winds recorded along the coast from 
25 to 29 March.  Heavy swells on the Gold Coast peaked at 4 to 5 m  on 29 March (BM Mar. 
1996). 
At Heron Island local winds were generally southeasterly sometimes swinging south- 
southeasterly and sometimes eastsoutheasterly.  Wind speeds increased from 3 m/s early on 22 
March to 13 m/s at 13:00 the same day and then fell to 8 m/s two hours later.  They generally 
varied between 7 and 10 m/s until 25 March.  On 26 March they were varying between 8 and  
12 m/s and continued to fluctuate at ca 10 m/s until 09:00 on 29 March, after which they subsided 
to 5 m/s at midnight that evening (Figure 47a to i). 
Wave heights at Wistari were always greater than those at Blue Pools, the former reaching 2 m at 
12:00 on 22 March (Figure 47a) and varying between 1.2 and 1.9 m during most of this event.  
Blue Pools waves initially varied between 0.5 and 1.2 m until early on 26 March when a sustained 
period of waves 1 m or higher commenced and continued until about 12:00 on 29 March (Figure 
47e to h).  Wistari periods were generally between 5 and 7 s, whereas Blue Pools periods were 
between 7 and 9 s initially but after 25 March they gradually increased until at the end of the 
event they were about 13 s. 
During most of this event tidal ranges were average to small varying from ca 1.5 m to ca 0.7 m.  
Moreover, from 24 to 29 March predicted low tide levels were all above the bund wall crest.  
Actual high tide levels recorded on the reef flat were 0.1 to 0.15 m above predicted and on some 
occasions low tide water levels recorded south of the boat harbour were at least 0.2 m higher than 
predicted (Figure 47). 
Currents on the southern side of the boat harbour were reversed on the rising tide at about 08:00 
on 22 March when Wistari waves were about 0.8 to 0.9 m (Figure 47a).  They continued to flow 
northwestward into the boat harbour until the rising tide early on 30 March.  Initially during the 
first few days the flow direction during low tide weir control became erratic as the current meter 
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was exposed intermittently but reverted to northwestward as soon as the tide started to rise again.  
During the first part of this event current velocities fluctuated with the tide with maximum 
velocities occurring at the onset of weir control on the falling tide.  Later, from 24 to 27 March, 
much less variation in current velocity occurred because the tidal ranges were small and the low 
tide levels were above the crest level of the bund walls so that weir control was unlikely to have 
occurred (Figure 47c to f). 
Waves did not begin to influence the currents on the northern side of the boat harbour until  
24 March when current velocities were generally westsouthwestward over most of the small 
range tidal cycle (Figure 47c).  Complete reversal was achieved early on the morning of 26 March 
when waves at Blue Pools exceeded 1 m.  Unidirectional flow into the boat harbour continued 
until 30 March.  Current velocities fluctuated with the tide and varied in magnitude as the tidal 
range and the wave heights varied (Figure 47e to i). 
A similar meteorological event with similar tidal conditions occurred between 20 and 27 April 
1996. 
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Figure 46 Daily weather maps – 22 to 29 March 1996 
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 47 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 22 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 23 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 24 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 25 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (e) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 26 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (f) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 27 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (g) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 28 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (h) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 29 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 47 (i) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 30 March 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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3.2.3 Southeasterly weather conditions influenced by tropical cyclones 
No tropical cyclones came close to Heron Island during the recording period.  Tropical cyclones 
“Drena” and “Harold” influenced conditions affecting waves at Heron Island in January and 
February 1997 while tropical cyclone “Justin” threatened the Queensland coast for an extended 
period in March.  In all three cases wind and wave conditions at Heron Island were the result of 
an increased pressure gradient in the southern Coral Sea and an associated ridge up the 
Queensland coast as the southward / southeastward moving cyclone interacted with eastward 
moving high pressure systems further south. 
2 to 6 January 1997 
A high pressure system initially centred south of the Great Australian Bight moved eastward 
across Tasmania and into the Tasman Sea.  Tropical cyclone “Drena” formed south of the 
Solomon Islands on 4 January and moved southwestward towards the Queensland coast during 
the next two days (Figure 48).  At 10:00 on 6 January it had become a severe cyclone and was  
900 km northeast of Heron Island.  However, at no time did it pose a threat to either the Great 
Barrier Reef or the Queensland coast (BM Jan. 1997). 
Southeasterly winds developed along the coast on 1 January and continued until easing on 5 and 6 
January.  At Heron Island winds were 8 to 10 m/s from 10:00 on 2 January until the same time on 
4 January.  They then strengthened, reaching almost 15 m/s at 15:00 that day, and remained above 
10 m/s for the greater part of 5 January before subsiding to 7 to 8 m/s on 6 January, as the high 
moved further eastward and the pressure gradient decreased (Figure 49). 
Waves on both sides of the reef were about 0.5 m high before winds increased on 2 January.  
Short seas of 5 s or less were riding on long 13 s swells at Blue Pools.  Both heights and periods 
gradually increased there until on 6 January waves at Blue Pools were 10 s period and had heights 
of 1 m on the rising tide and 1.4 to 1.7 m on the falling tide.  Wave heights at Wistari rapidly 
increased to 1.1 m at 12:00 on 2 January and then fluctuated above this value, gradually 
increasing to 2 m between 17:00 and 20:00 on 4 January.  Thereafter they gradually subsided to 
about 1 m at 12:00 on 6 January (Figure 49). 
Tides early in this event were small with tidal ranges less than 1.4 m and most low tides did not 
fall below the bund wall crest.  Later, tides were of average range (1.5 to 2 m) and there was 
increasing diurnal inequality with alternate tides falling to increasingly lower levels below the 
bund wall crest. 
108 
Current reversals occurred both north and south of the boat harbour very early in this event on 2 
January because the weak tidal currents associated with the small tidal ranges were easily 
dominated by wave-induced flows, even when wave heights were less than 1 m.  During 3 to 5 
January reversal was complete at the southern meter and mostly so at the northern one (Figure 
49b to d).  Maximum ebb velocities were about 0.35 m/s north of the boat harbour and 0.25 m/s 
south of it.  However, during the high low tides on 2, 3 and 4 January when recorded water depths 
over the bund wall were at least 0.3 m, weir control did not occur and consequently maximum 
ebb velocities were less, i.e. about 0.25 m/s north of the boat harbour. 
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Figure 48 Daily weather maps – 2 to 6 January 1997 
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 49 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 2 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 49 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 3 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 49 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 4 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 49 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 5 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 49 (e) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 6 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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18 to 21 February 1997 
Tropical cyclone “Harold” developed in the Coral Sea late on 17 February about 850 km 
northeast of Heron Island and moved southeastward during the next few days.  At the same time 
there was a stationary high pressure system in the southern Tasman Sea near New Zealand.  The 
combined effect of these two systems was to produce a steep pressure gradient in the southern 
Coral Sea, particularly on 19 February, and an associated ridge along the Queensland coast 
(Figure 50).  Strong southeasterly winds were generated along the coast from Bowen to Sandy 
Cape on 17 February and subsequently further south but these eased on 20 February as “Harold” 
moved further away from Queensland waters (BM Feb. 1997). 
At Heron Island winds were 6 to 7 m/s on the morning of 18 February but after 12:00 increased to 
12 m/s at midnight.  Winds were generally greater than 12 m/s until 17:00 on 20 February after 
which they subsided to less than 5 m/s at midnight on the following day.  During this event wind 
directions were generally southeasterly (Figure 51a to d). 
Waves on both sides of the reef generally increased as the local wind speed increased and then 
decreased as it fell.  Waves at Wistari reached 2 m between 06:00 and 10:00 on 19 February and 
remained over 1.5 m until 16:00 on 20 February (Figure 51b & c).  Blue Pools waves generally 
were not as high as those at Wistari but did reach 2 m at 12:00 on 20 February (Figure 51c).  
Wave periods at Wistari were generally less than 7 s while those at Blue Pools generally exceeded 
8 s early in the event before gradually lengthening 11 to 12 s during the afternoon of 20 February. 
Tidal ranges were initially average increasing to large (> 2.2 m) with some diurnal inequality.  All 
low tides fell below the bund wall crest (Figure 51a to d). 
The waves reversed the tidal currents on both sides of the boat harbour throughout this event.  
Current velocities south of the boat harbour fluctuated much more than those north of it, 
particularly on 19 February when the current meter was subjected to strong wave action.  
Maximum velocity of about 0.4 m/s occurred at the southern current meter at 12:00 on 19 
February as weir control commenced an hour or so after the largest wave heights (Figure 51b). 
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Figure 50 Daily weather maps – 18 to 21 February 1997  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 51 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 18 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 51 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 19 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Northern Current Meter
20
25
30
35
0
1
2
3
W
a
te
r 
te
m
p
. 
d
e
g
s
 C
T
id
e
 l
e
v
e
l,
 m
 L
W
D
N adj = -0.226
S adj = zero
Tide Levels
temperature
Bund wall
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Southern Current Meter
0
5
10
15
20
0
1
2
3
4
T
p
, 
s
e
c
o
n
d
s
H
s
, 
m
Wistari
Blue Pools
Wave Height, Hs and Period, Tp
0
90
180
270
360
0
5
10
15
20
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
W
in
d
 s
p
e
e
d
, 
m
/s
Time - 19 February 1997
Wind Speed and Direction
Figure 51 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 20 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 51 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 21 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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4 to 18 March 1997 
Early in March 1997 the monsoon trough was located across northern Australia and over the 
Coral Sea between latitudes 15
0
 and 20
0
S.  A low pressure system developed in the Coral Sea 
between 150
0
 and 155
0
E on 4 March and generated strong easterly to southeasterly winds along 
the central and southern Queensland coasts.  The low intensified and became tropical cyclone 
“Justin” during the evening of 6 March when it was 900 km northnortheast of Heron Island.  By 8 
March it had become a very large Category 2 cyclone.  From 7 to 12 March it was quasi 
stationery between 15
0
 and 20
0
S and 150
0
 and 155
0
E before weakening and subsequently moving 
northward away from Heron Island (Figure 52a & b).  Subsequently “Justin” rapidly intensified 
on 16 March and was classified as Category 3 on 17 March.  However, it began to weaken again 
on 18 March and soon after began to move southwestward towards the coast of northern 
Queensland.  It was by this time too far away to have any significant effect upon conditions at 
Heron Island (BM Mar.1997). 
During this event, 4 to 18 March, three high pressure systems moved across the ocean south of 
the Great Australian Bight and across either Tasmania or Victoria into the southern Tasman Sea 
(Figure 52a & b). 
The pressure gradient between “Justin” and the southern high began to steepen on 7 March and 
continued to do so until 12 March.  It then declined as “Justin” moved northwards.  Strong to gale 
force winds and swells were generated along much of the Queensland coast between 7 and 11 
March after which the winds eased to strong (BM Mar. 1997).  
Severe beach erosion occurred on the northern side of Heron Island where sand bag protection 
was required.  Strong flows of water over the southern bund wall into the boat harbour caused a 
gully to form under the jetty.  Sand bags also were used to control this erosion, as well as to raise 
the level of the shoreward end of the bund wall. 
Winds at Heron Island were initially easterly on 5 March swinging to eastsoutheasterly / 
southeasterly on 7 March and continued from this direction during the whole event.  Wind speeds 
of 7 to 8 m/s on 5 March increased to 10 m/s during the afternoon of 6 March, then continued to 
increase until they reached 15 m/s on 8 March (Figure 53a to e).  This speed generally was 
sustained during the morning of 9 March.  That afternoon winds strengthened further, reaching 
gale force (17 m/s) and peaking at 18 m/s at 22:00 (Figure 53f).  These gale conditions 
corresponded with “Justin’s” most intense phase after which the wind speed eased (Figure 52a).  
Winds varied between 12 and 16 m/s on 10 and 11 March, easing further to 10 to 13 m/s on 
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12 March.  They fluctuated between 8 and 13 m/s on 14 March, then gradually steadied and 
subsided over the next three days, reducing to about 7 m/s at 06:00 on 18 March (Figure 53g to 
o). 
Wave periods at Blue Pools increased from about 7 s early on 5 March and reached 10 s during 
the morning of 7 March.  They remained about this value until midnight on 12 March, after which 
they decreased a little and fluctuated about 8 s for most of the remaining period of this event.  
Wave periods at Wistari were always less than those at Blue Pools, varying between 5 and 8 s 
throughout this event (Figure 53a to o). 
Initially wave heights at Blue Pools were higher than those at Wistari but, as the wind swung 
from easterly on 5 March to southeasterly on 7 March, Wistari waves increased in height and 
became higher than Blue Pools waves during the afternoon of 7 March (Figure 53d).  From 6 
March waves were generally greater than 1 m high throughout this event.  Waves at Wistari 
exceeded 2 m most of the time from 09:00 on 7 March to 03:00 on 12 March (Figure 53d to i).  
Their heights generally varied with local wind speed and the highest waves of almost 3 m 
occurred at 01:00 on 10 March about three hours after the strongest local wind speeds. 
Wave heights at Blue Pools varied significantly with the tidal cycle as well as with wind speed.  
Between 5 and 13 March, wave heights at Blue Pools attained a maximum value on the ebb tide 
and a minimum value on the rising tide (Figure 53b to j).  The larger maximum values during the 
period 8 to 11 March varied from 2.5 to 2.8 m, while minimum values were about 1 m. 
During this event waves were also recorded closer to the mainland coast near Lisa Jane Shoals, 24 
km east of Emu Park and 17 km southeast of Great Keppel Island.  This location is at about the 
same latitude as Heron Island and also was about the same distance from the eye of the cyclone.  
Significant wave heights there were very similar to those at Heron Island, rising to more than 2 m 
during the late afternoon of 6 March and falling below this value late in the evening of 13 March.  
Wave heights off Emu Park also varied with the tide, ranging from minima of about 2.3 m to 
maxima just reaching 3 m on 8, 9 and 10 March.  By 18 March wave heights there had decreased 
to about 1.2 to 1.4 m (BPAQ 1997, Figure 22). 
Wave periods (Tp) off Emu Park were between 5 and 10 s during this event, i.e. generally similar 
to those recorded at Heron Island (BPAQ 1997, Figure 22). 
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The tides at Heron Island during this event ranged from large (> 2 m) through average to small (< 
1.4 m) since it extended over most of a spring to neap cycle.  On 6 March the tidal range was at 
least 2 m and on 8, 9 and 10 March the higher tides were 3 to 3.1 m and the lower ones 2.7 to 2.8 
m (Figure 53c to g).  A week later on 15 and 16 March these ranges were 1.2 to 1.3 m and 0.7 to 
0.9 m (Figure 53l & m).  Before 13 March low tide levels fell below the bund wall crests but from 
14 March they were above crest level.  Between 7 and 18 March measured tide levels on the reef 
flat were generally at least 0.1 m above predicted levels.  On 9 and 10 March, when winds and 
waves were largest, recorded high tide levels were 0.2 to 0.25 m higher than those predicted 
(Figure 53f & g).  Between 11 and 13 March minimum recorded reef-top low water levels were 
0.2 m above the bund wall crest level on the southern side of the boat harbour and 0.1 m above it 
on the northern side (Figure 53h to j). 
The waves breaking on the northern side of the reef suppressed the tidal current reversals 
throughout almost the whole duration of this event.  Currents flowed initially westsouthwestward 
trending to southwestward by 14 March.  On 8 and 9 March when the tidal ranges were very large 
(ca 3 m) there was clockwise shift of current direction towards north / northnortheast at high tide 
(Figure 53e & f).  Current speeds varied from zero at high tide to 0.3 to 0.35 m/s at the onset of 
weir control at the bund wall crest during the ebb tide.   
When ocean tide levels fell below the bund wall crest the maximum velocity was sustained during 
the period of weir control until the rising tide drowned the bund walls and weir control ceased.  
For small tides, which did not fall below the bund wall crest, maximum velocities also occurred 
on the peak of the ebb tide but this velocity was not sustained. 
During this event considerable fluctuations in both current speeds and their standard deviations 
were recorded at both current meters but those at the southern meter were greater than those at the 
northern meter (Figure 53a to o).  Much of this variation is likely to have been caused by the 
effects of waves on both the currents and the current meters. 
Complete reversal of tidal currents at the southern meter to the northwestward direction did not 
occur until 7 March (Figure 53d).  From 21:00 on 7 March until 03:00 on 11 March, Wistari 
waves were generally above 2 m and above 2.5 m for a significant portion of this period (Figure 
53d to h).  Currents, except for very occasional lapses, were flowing consistently northwestward 
into the boat harbour.  The peak speed varied from near zero at high tide to ca 0.4 m/s on the ebb 
tide as weir control commenced.  The maximum velocities were ca 0.5 m/s on the ebb tide at 
about 13:00 on 9 March and at 01:00 on 10 March when wave heights at Wistari peaked at about 
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2.8 and 3 m respectively (Figure 53f & g).  Unlike flows at the northern current meter the current 
velocities over the bund wall during weir control were not constant in time but diminished 
asymptotically from their maximum values as weir control commenced to a value of the order of 
0.1 to 0.2 m/s less than the maximum values. 
The southern tidal current partially reasserted itself at the larger day time high tide on 11 March 
when the current direction swung towards the south and again on 12 and 13 March  
(Figure 53h to j).  This pattern continued until 18 March on the higher high tide with the current 
direction trending towards the southeast.   
Maximum ebb current speeds started to fall on 12 March as waves at Wistari fell below 2 m and 
tidal ranges were also reducing (Figure 53i).  By 15 March, when Wistari waves were less than 
1.5 m and the tidal range was 0.8 to 0.9 m, low tide levels were above the bund wall crest (Figure 
53l).  The maximum ebb tide velocity was then ca 0.25 m/s.  On 17 March when Wistari waves 
were ca 1 m, the maximum velocity was about 0.2 m/s (Figure 53n). 
125 
Figure 52(a) Daily weather maps – 4 to 11 March 1997  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
126 
Figure 52(b) Daily weather maps – 12 to 18 March 1997  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 53 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 4 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 5 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 6 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 7 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (e) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 8 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (f) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 9 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (g) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 10 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (h) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 11 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (i) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 12 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Wind Speed and Direction
Figure 53 (j) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 13 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (k) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 14 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (l) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 15 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (m) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 16 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (n) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 17 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 53 (o) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 18 March 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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3.2.4 Summer swell conditions 
30 January to 6 February 1997 
This event represents a summer swell condition.  Pressures over central and northern Queensland 
were generally low and a low pressure system also developed in the Tasman Sea east of Bass 
Strait on 1 February.  This low intensified and moved southeastward towards New Zealand on 2 
February.  As it did so a high moved across Tasmania and a ridge was formed along the New 
South Wales coast (Figure 54).  Winds at Heron Island were initially moderate northeasterly, 
generally between 5 and 7 m/s.  At 03:00 on 3 February they increased and became southeasterly 
varying between 7 to 11 m/s until the following morning, after which they eased and eventually 
became easterly on 6 February (Figure 55a to h). 
Waves were initially less than 0.6 m high and had periods of 12 to 13 s on both sides of the reef.  
Wave heights at Blue Pools gradually increased to about 1 m during the evening of 31 January 
and varied between 0.9 and 1.1 m during 1 February (Figure 55a to c).  Between 03:00 and 10:00 
on 2 February Blue Pools waves reached 1.3 to 1.4 m and again did so during that evening.  Wave 
periods were 15 s during 2 February (Figure 55d).  Thereafter the wave heights at Blue Pools 
gradually subsided to below 1 m and varied with the tide during the remainder of this event.  
Wave heights were higher on the ebb tide and lower on the flood tide.  Wave periods shortened 
during the last few days as a 5 s component became increasingly predominant.  At Wistari wave 
heights were generally less than 0.6 m until 2 February (Figure 55d).  When wind speeds 
suddenly increased at 04:00 on 3 February, wave heights at Wistari also increased from 0.5 m to 
1.3 m and their period shortened to 6 to 7 s.  These conditions continued through 3 February with 
wave heights peaking at 1.7 to 1.8 m during the evening (Figure 55e).  Thereafter the wave 
heights at Wistari fell, varying between 0.8 and 1.2 m in synchronism with those at Blue Pools 
during 4 and 5 February and then falling to 0.6 to 0.7 m on 6 February.  Their periods were 
generally about 5 s (Figure 55f to h). 
Tidal ranges during this event were initially small (0.8 to 1.4 m) up to 2 February with predicted 
low tide levels generally above the bund wall crest (Figure 55a to d).  On 3 and 4 February tidal 
ranges were average (1.4 to 2 m) while on 5 to 6 February they were large (> 2 m) with predicted 
low tide levels well below the bund wall crests (Figure 55e to h).  Actual tide levels recorded on 
the reef flat varied to some degree from predicted levels. 
Currents at the northern meter were reversed over most of the tidal cycles from 30 January to 
3 February when tidal ranges were initially small and wave heights at Blue Pools were increasing 
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(Figure 55a to e).  Initially, wave heights at Wistari were low and current speeds at the southern 
meter were small, < 0.1 m/s, except during low tide ebb flows.  When tide levels were higher, 
currents were possibly affected by those on the northern side of the reef (Figure 55a to d).  On 1 
and 2 February there were frequent fluctuations in direction at very low velocities before the 
currents were reversed following the increase in Wistari wave heights early in the morning of 3 
February (Figure 55c to e).  This reversal continued into the following day.  However, as wave 
heights declined and tidal ranges increased, tidal flow patterns began to reassert themselves on 5 
February (Figure 55g). 
Maximum current velocities were generally of the order of 0.3 m/s during the ebb tide when weir 
control first occurred but, even when wave-generated flow predominated, current velocities rarely 
exceeded this value. 
An example of winter swell conditions occurred between 1 and 6 June 1996 when there was a 
high over northern New South Wales and winds at Heron Island were moderate easterly.  Tidal 
ranges were average to large.  Neither current was completely reversed during this event. 
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Figure 54 Daily weather maps – 30 January to 5 February 1997  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 55 (a) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 30 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (b) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 31 January 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (c) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 1 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (d) Reef-top currents, tide levels, wave heights and periods
wind speeds and directions for 2 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (e) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 3 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (f) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 4 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (g) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 5 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 55 (h) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 6 February 1997
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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3.2.5 Northwesterly weather events 
22 to 24 June 1996 
A weak high pressure system was centred at approximately 20
0
S, 151
0
E, 400 km north of Heron 
Island, at 10:00 on 22 June (Figure 56).  At Heron Island winds were light to moderate 
northwesterly at 5 m/s.  10 s swells were recorded at both Blue Pools and Wistari; Blue Pools 
wave heights were about 0.5 m while those at Wistari were about half that height (Figure 57a). 
The northwesterly winds increased to 10 m/s late on 22 June as the high moved eastwards and a 
front moved northeastwards from southern states towards the Queensland coast.  These conditions 
intensified on 23 June (Figure 56).  Wave heights at Blue Pools increased to 0.9 m at midnight at 
22/23 June and reached a maximum of 1.3 to 1.4 m at 09:00 on 23 June (Figure 57a & b).  Wave 
periods shortened to about 6 s at Blue Pools and 4 s at Wistari.  The front crossed the coast during 
the morning of 24 June and at the same time a new high moved eastwards from Western Australia 
to central Queensland (Figure 56).  Following the passage of the front, winds at Heron Island 
swung to the south and the west during most of 24 June; the winds subsided and wave heights at 
Blue Pools fell below 0.5 m.  From 07:00 to 10:00, when winds were southerly, waves at Wistari 
increased to about 0.75 m and their periods shortened before they subsided and lengthened as 
winds slackened and became more westerly later in the day (Figure 57c). 
During this event tidal ranges were generally small, less than 1.4 m, with some being only half 
that size.  The low tide levels on alternate tides did not fall below the bund wall crest, remaining 
0.1 to 0.2 m above it.  The low tide levels during larger tides only just fell below the wall, 
although weir control did occur for two to three hours (Figure 57a to c). 
Tidal currents at the northern current meter were completely reversed on the rising tide during the 
evening of 22 June when waves exceeded about 0.7 m and the flow there continued in the 
southwesterly direction throughout 23 June until the tide commenced to rise at about 10:00 on  
24 June.  Current speeds were generally >  0.3 m/s from 10:00 to 19:00 on 23 June, after which 
they subsided as the waves dropped and the tidal flow pattern reasserted itself.  During the same 
period, current speeds at the southern current meter were about 0.2 m/s towards the southeast to 
southsoutheast which was much stronger than would have occurred at this location with such 
small tides under milder conditions (Figure 57 a to c). 
A very similar meteorological event occurred on 19 to 21 July when the tidal ranges were average 
in magnitude. 
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Figure 56 Daily weather maps – 22 to 24 June 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 57 (a) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 22 June 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 57 (b) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 23 June 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 57 (c) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 24 June 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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29 September to 1 October 1996 
A large low pressure system centred over Kangaroo Island in South Australia at 10:00 on 
29 September with an associated front and trough system caused strong northwesterly winds in 
Queensland coastal waters.  These conditions continued into 30 September as the low moved 
southeastwards towards Tasmania.  The associated large trough extended from the Northern 
Territory across southwestern Queensland into New South Wales.  After midnight on 30 
September the influence of the trough and low pressure system decreased rapidly.  By 10:00 on 1 
October a high pressure system had developed over South Australia, extending into southwestern 
Queensland, and was controlling weather along the Queensland coast (Figure 58). 
At Heron Island winds on 29 September were northerly ranging between 5 and 9 m/s but reached 
13 m/s at 21:00.  Waves at Blue Pools were 0.5 m at 01:00 but increased to 1 m at 13:00, this 
height being maintained until midnight.  Wave periods were about 5 s (Figure 59a).  During 30 
September winds gradually swung from northerly to northwesterly, while their speeds varied 
between 10 and 14 to 15 m/s.  They reached this latter speed at 06:00, 13:00 and 19:00 to 20:00.  
Wave heights at Blue Pools were generally at least 1.3 m during the day and reached 1.8 m 
between 15:00 and 17:00.  Periods were between 6 and 7 s (Figure 59b).  On 1 October local 
winds swung from northwesterly early in the morning to southerly between 07:00 and 16:00 as 
the influence of the southern low declined and the high over southwestern Queensland began to 
influence the weather along the coast.  Waves at Blue Pools steadily decreased in height from 1.3 
m early in the morning to 0.5 m by midnight (Figure 59c). 
During the whole of this event waves at Wistari were, except on a couple of occasions, less than 
0.5 m high.  On 29 September their periods alternated between 5 and 10 s as sea and swell peaks 
alternately dominated their spectra (Figure 59a).  During the middle of the day on 1 October, 
when the winds were southerly, Wistari wave heights increased to 0.8 m for about three hours.  
Wave periods were around 4 s between 05:00 and 22:00 on 1 October (Figure 59c). 
Tidal ranges during this event were much larger than during the 22 to 24 June event, initially 
being 2.6 m on the morning of 29 September and reducing to about 1.8 m on the afternoon of  
1 October (Figure 59a to c).  All low tide levels fell below the bund wall crests and weir control 
occurred for at least four hours.  On 29 September the tidal flows were dominant on both sides of 
the boat harbour.  The currents at the northern current meter showed the characteristic half tidal 
period variation observed during mild conditions.  Similarly the currents at the southern current 
meter were similar to those under mild conditions with southeastward flows during both the flood 
tide and early ebb tide.  As the tide level fell below mean sea level, the water on the southern reef-
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flat reversed direction and flowed towards the northwest into the boat harbour.  A maximum 
velocity of about 0.3 m/s was attained when the weir control at the bund wall crest commenced 
(Figure 59a). 
Full reversal of the current on the northwestern side of the island did not occur until waves at 
Blue Pools exceeded 1 m at midnight 29/30 September.  This reversal was maintained, with a 
short lapse on the large rising tide at 06:00 on 30 September, until the tide began to rise again at 
07:00 on the following day (Figure 59b & c).  At this latter time the waves also fell below 1 m 
height.  Currents speeds recorded at the northern current meter generally did not exceed 0.3 m/s 
during this event and speeds varied with the tidal cycle.  This value, 0.3 m/s, was exceeded 
briefly, on the falling tide, when weir control occurred. 
At the southern current meter the normal semidiurnal tidal current pattern was maintained, 
although the normal eastsoutheastward flow under mild conditions became more southward under 
the combined influence of the northerly winds and the southwestward current on the northern side 
of the boat harbour.  Current speeds also were increased compared with those occurring during 
mild conditions, being generally greater than 0.2 m/s.  However, the flow reversal, as tide levels 
fell below mean sea level and weir control asserted itself, occurred in much the same way as 
observed under mild conditions with a maximum velocity of 0.3 m/s being followed by a gradual 
reduction as water flowed out over the bund wall into the boat harbour (Figure 59a to c). 
  
160 
Figure 58 Daily weather maps – 29 September to 1 October 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 59 (a) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 29 September 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 59 (b) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 30 September 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 59 (c) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 1 October 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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3.2.6 Easterly – northeasterly storm events  
 28 April to 3 May 1996 
On 29 April 1996 a large high pressure system following in the wake of a trough moved across 
Victoria and by 10:00 on 29 April was located in the Tasman Sea off the southern New South 
Wales coast.  A period of gale force winds was experienced along the southern Queensland coast 
overnight on 28 April (BM Apr. 1996). 
A low formed off the north Queensland coast on 1 May being located initially at about 18
0
S and 
150
0
E at 10:00.  It moved slowly south along the coast, crossing the coast in the vicinity of 
Hervey Bay / Fraser Island during the evening of 2 May (Figure 60).  The tight pressure gradient 
between the low and the large high over the Tasman Sea brought strong to gale force easterly 
winds, extensive rain and high seas to the coast (BM May 1996). 
At Heron Island winds were initially southeasterly to eastsoutheasterly, 5 to 7 m/s, freshening to 9 
to 10 m/s at about 16:00 on 28 April (Figure 61a).  These conditions continued through 29 April 
with winds becoming easterly on 30 April and dropping slightly to 7 to 8 m/s during the morning 
of 30 April (Figure 61b &c).  Winds then gradually increased and reached ca 13 m/s at 09:00 on 1 
May.  They then swung towards northeasterly reaching 15 to 16 m/s between 18:00 and 21:00 on 
1 May.  Subsequently, they swung sharply through northerly to westerly just before 24:00 and 
dropped to 5 m/s but then strengthened to 10 m/s from 08:00 on 2 May maintaining a westerly to 
westsouthwesterly direction (Figure 61e). 
These wind directions are consistent with the daily weather maps except that the anticlockwise 
change of direction from northeasterly to westerly implies that the low passed west of Heron 
Island rather than to the east of it as shown by the daily weather maps (Figure 60). 
Waves were initially no higher than 1 m offreef on 28 April but Wistari waves increased to about 
1.4 to 1.5 m soon after the wind speed increased at 15:00 on 28 April (Figure 61a).  Wistari waves 
generally remained greater than 1.5 m, touching 2 m at 18:00 on 29 April then dropping to 1 m as 
the wind slackened early on 30 April (Figure 61b & c).  They increased again as the easterly wind 
freshened later in the afternoon of that day reaching 2 m again at 09:00 on 1 May (Figure 61d).  
They then gradually decreased as the wind swung to northeasterly and at 03:00 on 2 May, when 
winds were from the west, they dropped below 1 m (Figure 61e). 
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Waves at Blue Pools were lower than those at Wistari during 28 and 29 April, although after  
21:00 on 28 April they were always 1 m or higher.  Blue Pools waves were consistently 0.5 m or 
more higher just before low tide than they were on the rising tide (Figure 61a & b).  As the winds 
strengthened late on 30 April and swung to northeasterly after midday on 1 May, Blue Pools 
waves increased in height, exceeding 2 m at 22:00 on 30 April, then briefly decreasing to 1.5 m at 
03:00 on 1 May, before increasing again to a maximum of over 3 m between 09:00 and 13:00 that 
day (Figure 61c & d).  Wave heights remained over 2.5 m until about 01:00 on 2 May when they 
decreased rapidly to 1.5 m at 04:00 and fell away to about 1 m by the end of that day during the 
westerly weather (Figure 61e). 
Wave periods on 29 and 30 April were between 5 and 9 s with those at Blue Pools consistently 
near the longer value and those at Wistari generally near the shorter value.  The latter 
occasionally were similar to those at Blue Pools (Figure 61a & b).  From 22:00 on 30 April wave 
periods on both sides of the reef had similar values and increased from 8 s at that time to 10 to 11 
s on 1 and 2 May (Figure 61c to e).  Thereafter they increased to ca 13 s late on 3 May, although 
there were a couple of periods of about four hours duration when wave periods at Blue Pools 
were only 5 s (Figure 61f). 
Overall wave heights increased with increasing wind speed and increasing exposure to the wind.  
Wave periods were generally shorter when the site (Wistari or Blue Pools) was more exposed to 
the wind and longer when in the leeward location (e.g. Blue Pools on 29 and 30 April (Figure 61b 
& c).  Alternating changes from short 5 s to long 9 to 10 s periods indicate the occurrence of 
mixed sea and swell spectra with one or other wave condition predominating. 
Tides at Heron Island on 28 April had ranges of 1.7 and 1.4 m and gradually increased to 2.3 m 
with negligible diurnal inequality on 2 May (Figure 61 a to e).  Wave and wind set-up at low tide 
on the southern side of the island generally increased with the height of the offreef waves at 
Wistari but reduced as winds became northeasterly on 1 May.  Set-up at high tide became 
significant, e.g. ca 0.1 to 0.15 m, when winds exceeded 10 m/s on 1 May (Figure 61d).  High tide 
set-up disappeared on 2 May when winds were from the west (Figure 61e).  After the winds 
became westerly early on 2 May, water levels on the southern reef-flat during low tide, when the 
winds were 10 m/s or more, were about 0.1 m below the bund wall crest, i.e. there was a set-down 
rather than a set-up (Figure 61e & f). 
When the wave heights exceeded about 1 m, the wave-generated flow dominated over the tidal 
flow.  This happened at Wistari from about 15:00 on 28 April until early on 30 April (Figure 61a 
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to c).  During this time flow on the southern side of the island was directed continuously towards 
the northwest into the boat harbour.  Flow on the northern side of the boat harbour became 
unidirectional after waves at Blue Pools exceeded 1 m at about 21:00 on 28 April (Figure 61a).  
This flow was westsouthwestward to southwestward, i.e. towards the boat harbour and the 
western end of the reef.  This latter condition persisted until about 12:00 on 2 May with two very 
brief periods of reversal on rising tides on 29 and 30 May when Blue Pools wave heights dropped 
to 1 m (Figure 61b to e).  During the period from 21:00 on 28 April to 22:00 on 30 April, when 
the offreef waves varied between 1 and 1.8 m, current velocities at the northern meter varied from 
almost zero to 0.35 m/s under the combined influences of the tide and the offreef waves (Figure 
61a to c).  Thereafter currents increased, as waves at Blue Pools exceeded 2 m, approaching 0.7 
m/s when waves reached 3 m at 09:00 on 1 May (Figure 61d).  Velocities reduced rapidly as 
waves at Blue Pools subsided on 2 May following the change to westerly winds.  As the westerly 
winds strengthened on 2 May the normally northeastward flowing currents of the early ebb tide 
on the northwestern side of the island fluctuated between southsoutheastward and 
eastsoutheastward trending eastward (Figure 61e). 
South of the boat harbour the increasing dominance of the northeasterly waves at Blue Pools on 
30 April partially reversed the northwestward current into the boat harbour and, as the tide rose 
during the early hours of 30 April, the flow increasingly swung from northwestward around to 
southward just after high tide at 06:00 (Figure 61c).  As the waves increased in height a similar 
but much more pronounced change occurred to the currents south of the boat harbour during the 
rising / falling phase tidal cycle early on 1 May when current velocities south of the boat harbour 
were generally reduced below 0.1 m/s and directions fluctuated widely (Figure 61d).  During the 
afternoon and evening of 1 May, waves at Wistari dropped below 1.5 m but waves at Blue Pools 
remained above 2.5 m.  Currents flowed consistently across the boat harbour from the northern 
reef-flat to the southern reef-flat flowing southsoutheastward along the southern reef-rim.  
Velocities at the southern meter fluctuated between 0.15 and 0.3 m/s as wave groups modulated 
the heights of waves breaking on the reef-rim (Figure 61d). 
At low tide about noon on 2 May, when the westerly winds had increased to 10 m/s, the current 
on the southern reef-flat ceased flowing northwestward just after 12:00, when the reef-top water 
level had dropped below the bund wall crest.  The flow then swung around through westward to 
southward as water flowed parallel to the bund wall and out through gaps in the coral on the reef-
rim immediately south of the wall.  The westerly winds then established southeasterly flow along 
the southern side of the island almost two hours before the incoming tide rose above the bund 
wall (Figure 61e). 
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Figure 60 Daily weather maps – 28 April to 3 May 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S
Figure 61 (a) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 28 April 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 61 (b) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 29 April 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Northern Current Meter
20
25
30
35
0
1
2
3
W
a
te
r 
te
m
p
. 
d
e
g
s
 C
T
id
e
 l
e
v
e
l,
 m
 L
W
D
N adj = 0.247
S adj = zero
Tide Levels
temperature
Bund wall
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Southern Current Meter
0
5
10
15
20
0
1
2
3
4
T
p
, 
s
e
c
o
n
d
s
H
s
, 
m
Wistari
Blue Pools
Wave Height, Hs and Period, Tp
0
90
180
270
360
0
5
10
15
20
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
W
in
d
 s
p
e
e
d
, 
m
/s
Time - 29 April 1996
Wind Speed and Direction
Figure 61 (c) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 30 April 1996
Current speed Current direction
Standard deviation of current speed
For additional legends see Figure 43 (a)
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Northern Current Meter
20
25
30
35
0
1
2
3
W
a
te
r 
te
m
p
. 
d
e
g
s
 C
T
id
e
 l
e
v
e
l,
 m
 L
W
D
N adj = 0.238
S adj = zero
Tide Levels
temperature
Bund wall
0
90
180
270
360
0
0.1
0.2
0.3
0.4
0.5
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
S
p
e
e
d
, 
m
/s
Southern Current Meter
0
5
10
15
20
0
1
2
3
4
T
p
, 
s
e
c
o
n
d
s
H
s
, 
m
Wistari
Blue Pools
Wave Height, Hs and Period, Tp
0
90
180
270
360
0
5
10
15
20
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
D
ir
e
c
ti
o
n
, 
d
e
g
re
e
s
W
in
d
 s
p
e
e
d
, 
m
/s
Time - 30 April 1996
Wind Speed and Direction
Figure 61 (d) Reef-top currents etc . for 1 May 1996
For  legends see Figure 43 (a)
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Figure 61 (e) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 2 May 1996
Current speed
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 61 (f) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 3 May 1996
Current speed
Standard deviation of current speed
For additional legends see Figure 43 (a)
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26 to 29 July 1996 
A complex low pressure system and trough developed over western Queensland ahead of a cold 
front on 25 July.  The low remained stationary during 26 and 27 July and a high pressure system 
over the central Tasman Sea intensified.   
There was a gusty fresh to strong northerly to northeasterly flow ahead of the trough on 25 to 27 
July and this, combined with the influence of the high in the Tasman, generated strong 
northeasterly winds reaching gale force at times along the Queensland coast south of St Lawrence 
(BM Jul. 1996).  The low and its associated trough moved eastward between 27 and 28 July and 
then southward between 28 and 29 July.  By 30 July a new area of high pressure had become 
established over central Australia directing southwesterlies across southern Queensland (Figure 
62). 
At Heron Island winds were northeasterly to eastnortheasterly on 26 and 27 July, initially 
between 5 and 8 m/s on 26 July and then increasing to 15 m/s at 12:00 on 27 July.  Wind speeds 
were sustained over 12 m/s for the latter part of 27 July and then commenced to ease slightly 
ahead of the westerly / southwesterly change which arrived at Heron Island at 04:00 on 28 July.  
Winds then continued to slacken, falling to 3 m/s at 17:00 before briefly strengthening to 11 m/s 
later that evening.  They slackened again during 29 July falling to 4 m/s at 19:00 of that day 
(Figure 63a to d). 
During this event waves at Blue Pools were always higher than those at Wistari, the latter varying 
generally between less than 0.5 m to occasionally just over 1 m with a maximum of 1.2 m at 
17:00 on 27 July (Figure 63b). 
At Blue Pools waves increased from 0.5 to 1 m during the morning of 26 July and reached a 
maximum of 1.3 m during that evening before falling just below 1 m during the early hours of the 
following morning.  These waves suddenly increased from 1 to 3 m between 09:00 and 12:00 on 
27 July as the wind speeds also strengthened as the trough deepened.  Blue Pools waves remained 
above 2.3 m, reaching 3 m again late in the evening of 27 July and again in the early morning of 
28 July ahead of the westerly change.  After the trough passed through at 04:00 they remained 
above 2 m high until 12:00 on 28 July after which they subsided to 1 m at 12:00 on 29 July.  
Wave periods on both sides of the reef were initially about 5 s at 12:00 on 26 July and steadily 
increased to 10 s early on 28 July (Figure 63a to d). 
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The tides were average to large with significant diurnal inequality.  All low tides fell below the 
bund wall crests.  High tide levels measured on the reef were 0.1 to 0.2 m above predicted levels, 
the largest anomaly occurring when wind speeds and wave heights were at their maximum values.  
Low tide levels on the northern reef-flat at about 13:00 on 27 July and at 02:00 on 28 July show a 
rise of at least 0.2 m about 30 minutes to 1 hour before the influence of the rising tide normally 
would occur.  A similar smaller rise occurs at the tail of the next ebb tide at 14:00 on 28 July 
(Figure 63b & c).  These increased low tide levels are a consequence of the increased flow across 
the reef caused by the significant wave set-up generated by the 2.5 to 3 m waves breaking on the 
northern reef-rim. 
Because of the relatively large area of reef-flat over which the water ponded behind the bund wall 
spreads, it takes some time for the breaking waves to build up the set-up on the reef-flat.  Indeed 
it appears that the three to four hours of ponding is insufficient for steady state conditions to be 
established in this situation.  Conversely it can be seen on the midday low tide on 29 July, when 
wave heights had fallen below 1 m and the predicted tide was very low, that the five hour period 
of weir control by the bund wall was more than sufficient for reef-flat water levels to fall below 
the bund wall crest as water drained offreef over and through the coral on the western end of the 
reef (Figure 63d). 
Tidal currents were reversed at the northern current meter during the small tide on the morning of 
26 July and, apart from about an hour during the early stage of the flood tides at 12:00 that day 
and early next morning, currents flowed continually towards the southwest into the boat harbour 
until the first flood tide on 29 July (Figure 63a to d).  Before Blue Pools waves increased to 3 m at 
12:00 on 27 July current speeds varied from 0 to 0.4 m/s with fluctuations up to 0.15 m/s (Figure 
63d). 
When waves were 2.5 to 3 m during the afternoon and evening of 27 July current speeds were 
generally greater than 0.4 m/s with maximum values of 0.6 to 0.7 m/s during the late evening of 
that day (Figure 63b).  As the waves subsided and the winds changed direction after 03:00 on 28 
July, the current speeds gradually reduced and by 12:00 on 29 July the tidal flow system was 
reestablished (Figure 63c & d). 
During this event current velocities at the northern current meter generally had peak values when 
weir control was initiated on the falling tide as normally occurs during the tidal cycle.  However, 
other velocity peaks occurred when or just after when wave heights were large, e.g. 12:00 to 
14:00 and 19:00 to 22:00 on 27 July and 02:00 to 03:00 on 28 July (Figure 63b & c). 
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Tidal currents at the southern current meter were not reversed during this event, although flood 
and early ebb tides turned from eastsoutheastward towards southeastward / southsoutheastward 
apparently under the influence of the southwestward flow at the northern current meter continuing 
across the boat harbour onto the southern reef-flat.  Southern current meter speeds just after the 
higher second tide on 27 July, when Blue Pools waves and northern currents were a maximum, 
were significantly increased reaching 0.4 to 0.5 m/s and experiencing oscillations of the order of 
0.1 m/s similar to those on the more exposed northern reef-flat.  Similar conditions, but with not 
quite so large speeds, occurred during 28 July when the currents on the northern reef-flat were 
still strong (Figure 63b & c).  
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Figure 62 Daily weather maps – 26 to 29 July 1996  
10 am AEST (0000 UTC) 
Dates are shown at left hand lower corner of each map 
Heron Island is located at 151
o
 55’E, 23
o
 27’S 
Figure 63 (a) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 26 July 1996
Current speed
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 63 (b) Reef-top currents etc  for 27 July 1996
For  legends see Figure 43 (a)
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Figure 63 (c) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 28 July 1996
Current speed
Standard deviation of current speed
For additional legends see Figure 43 (a)
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Figure 63 (d) Reef-top currents, tide levels, wave heights and periods,
wind speeds and directions for 29 July 1996
Current speed
Standard deviation of current speed
For additional legends see Figure 43 (a)
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3.3 Summary  
Queensland has a tropical/subtropical climate with a wet season of varying extent and reliability 
occurring during December to April.  This wet season is influenced by the northwest monsoon 
and the occurrence of unpredictable tropical cyclones.  The dry season usually extends from May 
to November and is generally dominated by the influence of southern high pressure systems as 
they travel eastward across the Australian continent. During the summer wet season winds and 
waves along the Queensland coast are usually easterly to northeasterly except during tropical 
cyclones when wind and wave directions vary as particular cyclones move along different tracks 
relative to the coast.  During the winter months periods of southeasterly winds and waves 
alternate with shorter periods of westerly conditions. 
A number of meteorological events which occurred during the period of wave and current 
recording (March 1996 to March 1997) were selected for analysis.  These events include periods 
of southeasterly winds influenced by both noncyclonic and cyclonic systems; summer swell 
conditions; northwesterly winds; and easterly to northeasterly storm events.  The effects of these 
different weather systems and the wave-generated currents occurring during each event upon the 
reef-top current system around Heron Island were then investigated. 
Generally, southeasterly wind/wave conditions reverse the incoming eastsoutheastward flood tide 
currents along the southern side of the island and northeasterly wind/wave conditions reverse the 
northeastward flood tide currents on the northwestern side of the island.  Under both conditions 
continuous flow into the boat harbour occurs throughout the tidal cycle.  The larger the waves 
and/or the smaller the tidal range, the stronger the influence of the wave-generated flow.  When 
waves on both sides of the reef are sufficiently large and/or the wave direction becomes aligned 
with the long axis of the reef/island (east to eastsoutheast), the wave-generated flow reverses the 
reef-top currents on both sides of the island. 
When waves are sufficiently large and/or tides rather small, the westward wave-generated flow on 
either side of the island is continuous, varying essentially with variations in the waves rather than 
with the tides.  For smaller waves and/or larger tides, the westward wave-generated flow on either 
side of the island varies in strength with the tidal cycle with the maximum velocity occurring 
when weir control develops as the falling tide level approaches the level of the bund wall crest. 
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4 INFLUENCE OF WAVES UPON REEF-TOP CURRENTS 
4.1 Wave-generated Currents – Theoretical Analysis 
Waves breaking on the seaward rim of a coral reef generate a flow of water from the exposed side 
of the reef to its sheltered side. The flow off the reef may be concentrated in either channels 
through the reef-rim or lower sections of the latter.  This wave-generated flow is driven by the 
water surface gradient resulting from the wave set-up created by the breaking waves. 
Gourlay and Colleter (2005) have recently reviewed various approaches to modeling wave-
generated flows across coral reefs and the influence of reef morphology and roughness upon these 
flows.  Laboratory experiments (Gourlay 1996b) have shown that there is interaction between the 
wave-generated flow and the set-up generated by the waves breaking on the reef-rim. 
Gourlay and Colleter have modified Gourlay’s (1996b) wave pump analogy to incorporate the 
influence of the flow upon the set-up, assuming that the reef-face is steep and the waves break at 
the reef-edge.  The resulting expression for the wave set-up driving the flow is 
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where  r is the maximum wave set-up on the reef-rim; 
Kp is  the reef profile factor, which depends upon the reef-face slope (Gourlay 1997); 
 g is gravitational acceleration; 
 Ho  is offreef regular wave height (≡ Horms, the root mean square wave height); 
 To is offreef regular wave period (≡ Tp, the peak period of the energy density spectrum); 
 S = ( )rr h + /Ho  is the submergence of the reef; 
o* g/VV =  is the dimensionless velocity of the wave-generated flow; 
 hr  is the still water depth over the reef-top in the absence of waves; 
 V is the velocity of the wave-generated current. 
If the wave-generated current velocities are small, equation 18 reduces to 
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Using open channel flow theory, Gourlay and Colleter have shown that there are two basic reef-
top flow regimes – reef-top control and reef-rim control (see Section 2.3.1).  Under reef-top 
control the flow is determined by the set-up induced mean water level gradient across the reef and 
the roughness of the reef-top surface.  Under reef-rim control the flow is determined by critical 
flow conditions over the downstream reef-rim or, at Heron Island, over the boat harbour bund 
walls. 
For reef-top control conditions Gourlay and Colleter have used Darcy’s equation 
dg8
VLf
h
2
rr
f = (20) 
to estimate the effects of reef-top friction upon the wave-generated flow.   
In equation 20 Lr is the width of the reef-top in the direction of flow;  
f is the reef-top friction factor; 
  hf is friction loss head. 
Taking d = rr h +  and hf  =  r , substitution for r  (equation18) in equation 20 leads to the 
following equation for the wave-generated flow velocity under reef-top control conditions: 
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where F =   f Lr /8 Ho  is a reef-top resistance parameter.  
If the wave-generated current velocities are small, i.e. r is calculated from equation 19, 
equation 21 reduces to 
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The unit flow q of the wave-generated current is given by  
q = V  ( )rr h +
With increasing offreef wave heights and/or decreasing tide levels the submergence decreases, 
more wave energy is dissipated at the reef-rim, and only a small amount of wave energy is 
transmitted across the reef-top.  Under these conditions the magnitude of the quantity in the 
square bracket in equation 22a →1 and the wave-generated current velocity is given by  
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( )1/4rr
1/2
oor1
h
THC
V
+
= (22b) 
where  Cr1  is determined by the characteristics of the reef.
Hence the magnitude of the wave-generated current under reef-top control conditions is 
determined primarily by the offreef wave height.  This result is supported by field data from 
several sources.  For example, Symonds (1994) and Symonds et al. (1995) used field data 
obtained by Hardy et al. (1991) at John Brewer Reef, a lagoonal platform reef in the Central Great 
Barrier Reef, to show that wave-generated currents across this reef are linearly related to offreef 
wave height.  Hearn (1999) also found a linear relationship between current velocity and offreef 
wave height at Ningaloo Reef, a large fringing reef in Western Australia.  Tartinville and Rancher 
(2000) suggest that this is also true for the reef of  Mururoa Atoll, although their satellite 
significant wave height data does not give very accurate local offreef wave heights.   
For reef-rim control conditions with similar assumptions Gourlay and Colleter found that the 
wave-generated flow velocity is given by 
( )FCS
HgSC
V
2
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1/2
0
1/2
r2
+
= (23) 
where Cr2 (= 0.5443CD) is determined by the shape effects of the downstream reef-rim. 
Substitution for S and F gives 
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where r  is evaluated using either equation 18 or 19, as appropriate.  
Hence for reef-rim control conditions, the current velocities on the reef-top are determined 
primarily by water depths on the reef-top, together with the reef-top characteristics. 
4.2 Wave-generated Currents at Heron Island 
Gourlay and Colleter (2005) applied their theoretical relationships to the wave-generated flows 
either side of Heron Island (Figure 64).  These flows are caused by waves breaking on the 
northern and southern rims of the reef and, in the absence of tidal flows, would discharge back 
into the ocean through the boat harbour channel.  The situation on the northern side of the island 
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is more clearly defined than on the southern side since the location of the relevant wave breaking 
zone on the southern reef-rim is further away and difficult to define, hence making the 
determination of width of reef Lr more difficult.  The northern current meter (S4N) is better 
located in the main flow path to record the velocity of the wave-generated current because the 
southern current had to be located near coral away from the main flow path to avoid being hit by 
boats.  
Using reef-top parameters appropriate for the wave-generated flow from the northern side of the 
reef Gourlay and Colleter used dimensionless forms of equations 22a and 23 to compute reef-top 
characteristic curves for the reef at Heron Island.  For given reef-top conditions, F, Kp and 
constant wave steepness ,/gTH 2oo ( )o* gHV/V =  and ( )3o* gH/qQ =  are functions of the 
submergence S (Figures 65a and b)
4
.  Maximum V* occurs at the transition from reef-top to reef-
rim control and for the reef-flat on the northern side of the island the critical submergence is of 
the order of 0.51 to 0.55.  Maximum  Q* occurs during reef-top control when S ≈ 1.7.  These 
calculations ignore the current interaction terms in equations 18 and 21. 
For comparison with the currents measured on Heron Reef the reef-top parameters Kp, f and Lr
are specified.  The wave-generated current velocity V is now a function of Ho, To and S = 
( ) ./Hh orr +   Hence if To is specified, V can be calculated and plotted as a function of Z
( )rrr zh ++=  for various values of Ho.  This has been done using equation 18 to calculate r
and equations 21 and 23 to calculate V for reef-top and reef-rim control respectively.  For reef-top 
control zr = zrr = 1.05 m, the elevation of the northern reef-rim opposite Heron Island; for reef-rim 
control zr = zb = 0.86 m, the elevation of the harbour bund walls (Figure 66a).  In these 
calculations, waves are assumed to be wind-generated seas where /20TH 2pos =  (Gourlay and 
Hacker 2008a, p106).  Taking the wave-generated velocity as negative, i.e. generally westward in 
direction and replacing Ho ( ≡ Horms) by Hos ( )o2 Η= , the relationship between current velocity 
V and maximum water level on the reef-top Z ( )ro z +=  will have the form shown on Figure 
67a.  This clearly shows that current velocities during reef-rim control at the bund wall (water 
surface B in Figure 66a) vary only with the elevation of the water on the reef-top Z and are only 
affected by the offreef wave height Hos to the extent that the latter influences the wave set-up 
component of Z.  During reef-top control (water surface A in Figure 66a) current velocities vary 
with Hos (and T) and Z. 
                                                     
4 In these calculations, Ho  Horms and To  Tp
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Calculation of corresponding values of 
r
 from equation 18 then allows V to be plotted as a 
function of offreef water level zo (= hr + zr) for various values of Hos and the corresponding 
specified values of T (Figure 67b). 
The current velocities shown for various ocean water levels on Figure 67b are the velocities of 
steady uniform currents which are generated by waves of the specified heights and corresponding 
periods breaking along the northern reef-rim opposite Heron Island and which flow 
southwestward across the reef-top and over the northern bund wall into the boat harbour (see 
Figure 64). 
1
8
8
Figure 64  Wave-generated flows into Heron Island boat harbour 
(Gourlay and Colleter 2005, p 378)
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Figure 65 Dimensionless characteristic curves for reef-flat on 
northern side of Heron Island – under different 
wave conditions (Gourlay and Colleter 2005, p 380) 
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(a) Definitions for wave-generated flow 
 A Wave-generated flow (reef-top control) 
 B Wave-generated flow (downstream reef-rim/ bund wall control) 
 C Tidal drainage (bund wall control & no wave-generated flow) 
(b) Definitions for full reversal of tidal currents by  
wave-generated flow 
D Wave-generated flow over northern reef-rim 
- Vw varies with HBP
 E Tidal flow inflow from boat harbour 
- Vt varies with R 
Figure 66 Wave-generated flow over northern reef-top northwest of   
 Heron Island 
Figure 67 Computed wave-generated current velocities
for northern reef-flat (eqns 18, 21 and 23)
Above as function of water level, Z (includes set-up)
Below as function of water level, zo (excludes set-up)
For the following wave conditions :-
Hos = 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5 m and corresponding
Tp = 3.16, 4.47, 5.48, 6.32, 7.07, 7.75 and 8.37 s
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4.3 Limiting Conditions for Wave-generated Currents
4.3.1 Two limiting conditions 
There are two conditions which limit the occurrence of wave-generated currents on a reef.  
Firstly, where a reef is submerged the waves may pass over it without breaking, thus causing no 
set-up and hence there is no water surface gradient to drive a wave-generated current. Secondly, 
the wave-generated current may be sufficiently large to reverse any opposing tidal currents. Even 
larger waves may suppress almost totally the tide-induced variations of the reef-top currents. 
4.3.2 Conditions for no wave-generated currents 
No current will be generated when waves pass over the reef-rim without breaking and hence 
without generating any wave set-up.  This occurs when the submergence S = 2.5 (Gourlay 1996a).  
Hence 
 Ht =  0.4hr 
  =  0.4(zo – zrr) (25) 
The maximum value of the transmitted wave height Ht will occur at high tide and, for a 
symmetrical tide, 
Ht  =  0.4 (zH – zrr) (26a) 
      =  0.4 (zmsl  - zrr + 0.5 R) (26b) 
At Heron Island zmsl = 1.52 m and for the reef-rim north of the island, zrr = 1.05 m.  Hence 
 Ht  =  0.4 (0.47 + 0.5 R) 
      =  0.188 + 0.200R (27a) 
The influence of tidal asymmetry A upon  Ht can be found using equations 6 and 7 (Section 2.4).  
From equation 7  
zL = zH – R 
and substituting in equation 6 for zL leads to  
R
A1
A
zz mslH
+
+= (28) 
Substituting for zH in equation 26a gives 






+
+−= R
A1
A
zz0.4H rmslt
and with zmsl  = 1.52 m and zrr = 1.05 m 






+
+= R
A1
A
0.470.4H t (29) 
For the limiting values of A (0.4, 1.6) 
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Ht = 0.4 (0.47 + 0.286 R) 
    = 0.188 + 0.114R (27b) 
and Ht = 0.4 (0.47 + 0.615 R) 
    = 0.188 + 0.246R (27c) 
4.3.3 Conditions for full reversal of tidal currents 
The northeastward tidal currents flowing from the boat harbour onto the reef-top northwest of 
Heron Island (S4N) during the early stages of the rising tide (see Section 2.6) will be fully 
reversed when the southwestward flow generated by waves breaking on the northern reef-rim is 
always greater than the flow of the opposing tidal current (Figure 66b). 
Under tidal conditions flow onto the northern reef flat as the tide rises from low tide is initially 
from the boat harbour over the northern bund wall (zb = 0.86 m) and northeastward onto the reef-
top (Figure 35).  This flow rapidly increases with the rising tide level as flow also develops over 
the western reef-rim but reaches a maximum when ≥oz  1.2 m (Figure 12).  Flow now also is 
coming over the northern reef rim (zrr  1.05 m) and the flow over the bund wall diminishes 
becoming zero when zo  1.7 m (Figure 36). It then reverses to the southwestward direction at 
higher tide levels (Figure 37). 
When waves are breaking along the northern reef-rim, flow over this rim is increased relative to 
the tide-only condition and the flow reversal to the southwestward direction occurs at an earlier 
stage (smaller zo) of the tide.  If the wave-generated flow is sufficiently large, the northeastward 
tidal flow onto the reef flat from the boat harbour is completely suppressed and the flow on the 
northern reef flat at S4N is always southwestward.  This condition is initiated when   
Qw    QT (30) 
where Qw is the wave-generated flow from the northern reef-rim, and  
  QT is the tidal flow from the boat harbour, etc. 
Now  Qw  =  Brr  Vr ( )rror zz −+ (31) 
where Brr  is the length of reef-rim over which wave-generated inflow occurs; 
 Vr  is the velocity of the wave-generated inflow (equation 22a); 
r  is the wave set-up (equation 19); 
zo is the ocean tide level; 
zrr is the reef-rim elevation; 
and  QT= Bb V1 (zo -  z b) (32) 
194 
where  Bb is the length of bund wall and reef-rim over which tidal inflow occurs; 
V1 is the maximum tidal current during phase 1 of the tidal cycle (Figure 22); 
 zb is the elevation of the bund wall crest. 
If the wave-generated flow across the reef is uniform then 
brrr zz −≈
and borror zzzz −≡−+
Hence equating equations 31 and 32 
1
rr
b
r V
B
B
V = (33) 
The wave-generated current velocity Vr is given by equation 22a and is a maximum when reef-
top water levels are small.  If the transmission parameter [ ] 2/120.16S1−  is assumed to approach 
unity under these conditions
5
, then, for parameter values appropriate for the western end of Heron 
Reef, i.e. Kp = 0.5,  f = 0.11 and Lr = 700 m (northern side) and 1400 m (southern side), equation 
22a becomes 
( )1/4rr
1/2
BP
r
h
TH
0.1091V
+
= (34a) 
 for the northern side 
and 
( ) 4/1rr
1/2
Wis
r
h
TH
0.0772V
+
= (34b) 
 for the southern side 
where HBP, HWis = 2 0H
Eastward tidal flows occur during the early stages of the rising tide (phase v1 ) on both sides of 
the island, during the later stages of the rising tide (phase v2) on the southern side and on the early 
stages of the falling tide (phase v3) on both sides of the island.  On the northern side V1, is usually 
greater that V3 but this is not the case on the southern side where on average V3 is 10% larger than 
V1 (Sections 2.5.2 and 2.5.3). 
                                                     
5 If S = 0.5, the critical value for reef-rim control to occur, the transmission parameter is equal to 0.96.  For S = 1.0 it is 
0.92 and for S = 1.5 it is 0.80. 
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Assuming a symmetrical tide (Ar = 1), Figure 30 indicates that on the northern side of the island 
the maximum V1 tidal current is given by  
2655
R
TV
r
r1
= (35a) 
or 
r
r
1
T
R
0.738V = (36a) 
where Rr is in metres and Tr in hours. 
On the southern side of the island V1 is about 20% smaller than on the northern side and so V1 is 
given by  
r
r
1
T
R
0.590V = (36b) 
and V3 on the southern side has an average magnitude about midway between these two values, 
i.e 
f
f
3
T
R
0.66V ≈ (36c) 
Hence the critical values of HBP and HWis can be obtained by substituting the appropriate forms of 
equations 34 and 36 in equation 33. 
For the maximum rising tide velocity V1 at the northern current meter substitution of equations 
34a and 36a in equation 33 gives 
( )
r
r
1/2
1/4
rr
rr
b
BPcr  R
TT
h
B
B
76.6H
+
= (37a) 
An approximate estimate of HBPcr can be obtained by assuming r ≈  m0.19zz brr =− ; T = 7.5 
s; and Tr = 6.21 h.  Maximum flood tide inflow occurs when 0 < hr < 0.5 m (zo ≈ 1.20 m from 
Figure 12) so assume hr = 0.15 m.  Hence 0.35m.h rr ≈+   The magnitude of the ratio 
rrb BB is impossible to determine from the available information but subsequent analysis 
(Section 4.3.4) suggests that a value of 2.2 is appropriate.   This value also includes an unknown 
factor required to correct the current velocities measured at S4N to mean flow velocities (see 
Section 4.5.1).  Substitution of these values in equation 37a gives 
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HBPcr = 0.673 Rr (38a) 
For the maximum rising tide velocity V1 at the southern current meter substitution of equations 
34b and 36b in equation 33 gives 
HWiscr  = 7.64 
rr
b
B
B ( )
r
r
1/2
1/4
rr
R 
TT
h +
(37b) 
and with the same assumptions 
HWiscr = 0.761  Rr (38b) 
The influence of tidal asymmetry upon the magnitude of the critical wave height causing current 
reversal can be estimated by replacing equation 35 by 
)A(10295
295A2954
R
TV
r
r
r
r1
−=
−=
(39) 
from Figure 30 where 0.4 < Ar < 1.6. 
Hence when Ar = 0.4 
3228
R
TV
r
r1
=
and when Ar = 1.6 
4782
R
TV
r
r1
=
or 1752655
R
TV
r
r1 ±= (35b) 
which is a variation of %7± . 
Hence equation 38a becomes 
rBPcr R0.047)(0.673H ±= (38c) 
and equation 38b becomes 
( ) rWiscr R0.0530.761 ±= (38d) 
4.3.4 Comparison of limiting conditions with field data 
The limiting conditions for both no wave-generated currents and full reversal of tidal currents 
have been expressed in the forms 
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Hos = C1 + C2R (40a) 
and 
Hos = C3R (40b) 
where  Hos is the offreef significant wave height (HBP, HWis); 
R is the tidal range;  
C1 is a numerical constant which varies with the depth of the reef-rim below mean 
sea level; 
C2 is a numerical constant which varies with the tidal asymmetry parameter; 
C3 is a numerical constant which varies with tidal asymmetry, half tidal period, 
offreef wave period and various other factors influencing the magnitude of the 
wave-generated flow, including the transmission parameter (see Section 4.3.5) 
which itself varies with Hos. 
The magnitudes of constants C1 and C2  are determined from equation 27 but the magnitude of 
constant C3 depends upon several quantities (equation 37), not all of which can be accurately 
determined, although it is expected to lie between 0.5 and 1.0 for the situation under 
consideration. 
To test the validity of equation 40a and to evaluate constant C3 in equation 40b, the time history 
plots (e.g. Figure 53, etc) for the various meteorological events listed in Appendix E were 
examined and the wave and tidal conditions recorded for each occasion when the maximum flood 
tide velocity, V1, was reversed by wave-generated currents.  The resulting data (Appendix F) is 
plotted for both northern and southern current meters on Figure 68. 
It is found that the upper bound of the experimental points for the northern current meter is given 
by equation 38a when the value of the constant Bb/Brr in equation 37a is taken as 2.2 and the other 
quantities in that equation have the values estimated in Section 4.3.3.  Use of this same value in 
equation 37b for the southern current meter gives equation 38b which provides a suitably higher 
upper bound (12.5% larger) which includes all experimental points except one outlier.  The 
theoretical influence of tidal asymmetry on these limiting conditions (equations 38c & d) is also 
shown on Figure 68. 
The limiting conditions defined by equations 27 and 38 define three regions on Figure 68.  
Region A represents mild conditions where there are no wave-generated currents and tidal 
currents dominate; region C represents conditions where wave-generated currents dominate over 
tidal currents; and region B represents conditions where wave-generated currents become 
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increasingly dominant as the offreef wave height increases, and the influence of tidal currents 
reduces.  According to the theory the extent of region B varies with tidal asymmetry being larger 
when A → 0.4 and smaller when A → 1.6.  However, the experimental data does not confirm this 
effect. 
Comparison with the conditions for current reversal over the complete tidal cycle obtained from 
the previous analysis (Gourlay and Hacker 2008a), i.e. 
Small tides R < 1.4 m   HWis  >  0.75 m  southern reef-flat 
     HBP  >  0.75 m  northern reef-flat 
Medium tides 1.4 m <  R < 2.0 m HWis  >  1.0 m  southern reef-flat 
     HBP  >  1.0 m  northern reef-flat 
Large tides R > 2.0 m   HWis  >  1.25 m  southern reef-flat 
     HBP  >  1.25 m  northern reef-flat 
indicates general agreement, although the previous analysis did not indicate any detectable 
difference between the northern and southern reef-flat currents. 
4.3.5 Influence of transmission parameter 
When wave heights are relatively small and tide ranges large, i.e. submergence S > 1.5, an 
increasing proportion of wave energy is transmitted across the reef flat and the wave height 
causing full reversal of the tidal current increases.  In this situation equation 34a becomes 
( )
2/1
2
BP
rr
4/1
rr
1/2
BP
r
H
h
16.01
h
TH
1091.0V



	













 +
−
+
=  (41) 
The transmission parameter in the square brackets can be expanded and equation 41 becomes 
( ) 







−







 +
−
+
= .......
H
h
08.01
h
TH
1091.0V
2
BP
rr
4/1
rr
1/2
BP
r  (42) 
The modified critical value of HBP is obtained by substituting equations 42 and 36a in equation 
33.  Using the same assumptions as in Section 4.3.3 the resulting equation for currents at the 
northern current meter site is 
( ) ( ) 0h 0.08H
T
R
T
h 
B
B
764.6H
2
rrBP
r
r
1/2
1/4
rr
rr
b2
BP =+−
+
−  (43) 
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For the southern current meter site, using equation 36b, the constant 6.764 in equation 43 
becomes 7.643. 
Taking rr h +  = 0.35 m, Tr = 6.21 h and T = 7.5 s as previously, the solution of this quadratic 
equation is plotted on Figure 68.  
The divergence of equation 43 from equations 38a and 38b is negligible, occurring only for R <
0.5 m.  Hence the previous assumption that the effect of transmitted waves could be neglected is 
correct. 
Figure 68 Limiting conditions for wave-generated currents
at Heron Island
above northern current meter (S4N)
below southern current meter (S4S)
A - tidal currents predominate - no wave-generated currents
B - increasing influence of wave-generated currents
C - eastward tidal currents reversed by wave-generated currents
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4.4 Interaction between Wave-generated and Tidal Currents  
In practice the wave-generated currents on the reef-top at Heron Island do not occur under steady 
conditions as assumed in Sections 4.1 and 4.2. 
Firstly, the wave conditions causing these currents are changing in response to changes in the 
strength and direction of the winds generating the waves and, secondly the ocean water level is 
rising and falling as the semidiurnal tidal wave travels around and over Heron Reef.  The 
resulting tidally induced flow causes periodically varying tidal currents on the reef-top which 
interact with the wave-generated currents. The characteristics of the tidal current system on the 
reef-top surrounding Heron Island under mild conditions have been described in Sections 2.4 and 
2.5.  When strong local winds occur wind-induced currents also will modify the reef-top flow 
system. 
Hence the actual current system on the reef-top at any given time is a resultant of the interaction 
between the tidal, wave-generated and wind-induced currents. 
As the incoming tide flows from the boat harbour over the bund walls, northeastward and 
eastsoutheastward currents develop on the reef-top to the north and south of Heron Island.  In the 
previous report (Gourlay and Hacker 2008a) it was found that these tidal currents can be fully 
reversed by currents generated by waves breaking upon the windward reef-rims to the northeast 
and southeast of Heron Island.  The conditions under which this occurs depend essentially upon 
the size of the waves and the range of the tide.  Incoming small tides (R < 1.4 m) are reversed by 
offreef significant waves > 0.75 m height, medium tides (1.4 ≤  R < 2.0 m) by waves about 1 m 
high or larger and larger tides (R  2.0 m) by waves > 1.25 m. Data supporting these conclusions 
for larger and medium tides at the northern current meter are shown on Figures 69 & 70 for rising 
tides and Figures 71 & 72 for falling tides. 
Tidal currents under mild conditions were discussed in Section 2.4.2.  Figure 23 shows the tidal 
currents at the northern and southern current meter sites for three symmetrical tides with different 
ranges.  Smoothed curves (A, B and C) of the velocities at the northern site have been plotted on 
Figure 73 as functions of the predicted ocean tide level zo for the rising phase of the tide. 
Also shown on Figure 73 are the computed wave-generated currents under reef-top control 
conditions for offshore wave heights of 1.0 and 1.5 m.  It is assumed that the resultant reef-top 
currents can be approximated by linear superposition of the tidal and wave-generated currents and 
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this is shown as curves X,Y and Z on Figure 73.  These resultant velocity curves for the rising 
tides are similar in form and magnitude to the curves for similar tides and waves in Figures 69 
and 70. 
In the case of falling tides (Figure 74) conditions are different in that the larger tides (A and B) 
fall below the bund wall crest and the latter behaves as a broad crested weir similarly to reef-rim 
control of the wave-generated current.  Maximum ebb tidal velocities (V4) are of the order of 0.3 
m/s (Figure 29) for those tides where reef-rim control occurs (curves A and B).  Figure 67b 
indicates that currents generated by 1.0 to 1.5 m waves will have velocities of 0.3 to 0.4 m/s under 
reef-rim control conditions. 
Measured currents for combined tidal and wave-generated currents (Figures 71 and 72) are also 
generally between 0.3 and 0.4 m/s.  This is consistent with reef-rim control where flow conditions 
on the reef-top are determined by the water level behind the bund wall rather than the water 
surface gradient across the reef-top.  Hence the assumption of linear superposition of wave and 
tidal currents cannot be applied when tide levels fall below mean sea level and the ebb tidal 
velocities become increasingly influenced by the reef-rim control of the bund walls. 
Figure 69 Northern current meter, rising tide, R >= 2.0 m
17 March 1996 to 30 June 1996
Current speed variation with increasing wave height 
A W < 5 m/s    All directions          HBP and HWis < 0.5 m
B All W 315
o
 <=  W < 180
o
0.5 m <= HBP < 0.75 m; HWis < 0.75 m
C All W 315
o
 <=  W < 180
o
0.75 m <= HBP < 1.0 m; HWis < 1.0 m
D All W 315
o
 <=  W < 180
o
1.0 m <= HBP < 1.5 m; HWis < 1.5 m
E All W 315
o
 <=  W < 180
o
HBP >= 2.5 m; All HWis
M All W 180
o
 <=  W < 315
o
1.0 m <= HBP < 1.5 m; All HWis
 c < 125
o
, positive  c >= 125
o
, negative Trendlines 6th order polynomials
(Reef-top currents in vicinity of Heron Island boat harbour - 1, Figure 32)
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Figure 70 Northern current meter, rising tide, 1.4 <= R < 2.0 m
17 March 1996 to 30 June 1996
Current speed variation with increasing wave height 
A W < 5 m/s    All directions          HBP and HWis < 0.5 m
B All W 315
o
 <=  W < 180
o
0.5 m <= HBP < 0.75 m; HWis < 0.75 m
C All W 315
o
 <=  W < 180
o
0.75 m <= HBP < 1.0 m; HWis < 1.0 m
D All W 315
o
 <=  W < 180
o
1.0 m <= HBP < 1.5 m; HWis < 1.5 m
E All W 315
o
 <=  W < 180
o
HBP >= 1.5 m; All HWis
 c < 125
o
, positive  c >= 125
o
, negative Trendlines 6th order polynomials
(Reef-top currents in vicinity of Heron Island boat harbour - 1, Figure 36)
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Figure 71 Northern current meter, falling tide, R >= 2.0 m
17 March 1996 to 30 June 1996
Current speed variation with increasing wave height 
A W < 5 m/s    All directions          HBP and HWis < 0.5 m
B All W 315
o
 <=  W < 180
o
0.5 m <= HBP < 0.75 m; HWis < 0.75 m
C All W 315
o
 <=  W < 180
o
0.75 m <= HBP < 1.0 m; HWis < 1.0 m
D All W 315
o
 <=  W < 180
o
1.0 m <= HBP < 1.25 m; HWis < 1.25 m
E All W 315
o
 <=  W < 180
o
1.25 m <= HBP < 1.5 m; HWis < 1.5 m
F All W 315
o
 <=  W < 180
o
1.5 m <= HBP < 2.0 m; HWis < 2.0 m (all)
G All W 315
o
 <=  W < 180
o
2.0 m <= HBP < 2.75 m; All HWis
H All W 315
o
 <=  W < 180
o
HBP >= 2.75 m; All HWis
M All W 180
o
 <=  W < 315
o
1.0 m <= HBP < 1.6 m; All HWis
 c < 125
o
, positive  c >= 125
o
, negative Trendlines 6th order polynomials
(Reef-top currents in vicinity of Heron Island boat harbour - 1, Figure 46)
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Figure 72 Northern current meter, falling tide, 1.4 m <= R < 2.0 m
17 March 1996 to 30 June 1996
Current speed variation with increasing wave height 
A W < 5 m/s   All directions          HBP and HWis < 0.5 m
B All W 315
o
 <=  W < 180
o
0.5 m <= HBP < 0.75 m; HWis < 0.75 m
C All W 315
o
 <=  W < 180
o
0.75 m <= HBP < 1.0 m; HWis < 1.0 m
D All W 315
o
 <=  W < 180
o
1.0 m <= HBP < 1.25 m; HWis < 1.25 m
E All W 315
o
 <=  W < 180
o
1.25 m <= HBP < 1.5 m; HWis < 1.5 m
F All W 315
o
 <=  W < 180
o
HBP >= 1.5 m; All HWis
M All W 180
o
 <=  W < 315
o
0.5 m <= HBP < 1.0 m; All HWis
N All W 315
o
 <=  W < 180
o
1.0 m <= HBP < 1.25 m; HWis >= 1.5 m
 c < 125
o
, positive  c >= 125
o
, negative Trendlines various order polynomials
(Reef-top currents in vicinity of Heron Island boat harbour - 1, Figure 50)
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Figure 73 Interaction between tidal and wave-generated currents
at northern current meter, rising tide
A tidal current on 27 September 1996 Rr = 2.83 m
B tidal current on 23 February 1997 Rr = 1.83 m
C tidal current on 28 January 1997 Rr = 1.25 m
X, Y & Z combined tidal and wave-generated currents
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Figure 74 Interaction between tidal and wave-generated currents
at northern current meter, falling tide
A tidal current on 27 September 1996 Rf = 2.83 m
B tidal current on 23 February 1997 Rf = 1.83 m
C tidal current on 28 January 1997 Rf = 1.25 m
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4.5 Wave-generated Currents during Various Events 
4.5.1 Comparison of calculated and measured currents  
Having shown in the previous section how the wave-generated and tidal currents interact to 
produce actual reef-top currents similar to those measured on Heron Reef, the computed wave-
generated currents are now compared with the actual measured currents at the northern current 
meter site (S4N).  Several tidal cycles with different tidal ranges and generally constant wave 
conditions have been chosen from the various meteorological events listed in Appendix E and 
discussed in Chapter 3. 
In each example the measured velocities are plotted as a function of the actual water level zor
measured on the reef-top at the current meter site. Theoretical lines representing wave-generated 
currents for specified wave conditions similar to those which actually occurred also are shown on 
each figure.  Rising and falling tide conditions are plotted separately. For the present discussion 
these examples are divided into two groups: 
- “normal” conditions, i.e.  1 m < Hos  < 1.5 m 
- “storm” Conditions, i.e. 2 m < Hos  < 3 m 
While all current velocities shown in the Figures 75 to 81 referred to in Sections 4.5.2 and 4.5.3 
are plotted correctly as negative, i.e. directed towards the boat harbour, for convenience the 
negative sign has been omitted in the text discussion.  
In making the comparison between calculated and measured current velocities, it is important to 
recognise that these two velocities are not strictly comparable.  The calculated velocity, V, is the 
mean velocity of flow averaged over the water depth on the reef-top (0 < hr < 2.5 m).  The 
measured velocity, v, is measured at a fixed elevation above the reef-top surface; this elevation 
was determined by the geometry of the S4 current meter and its mounting. 
Now hcm ( 0.3 m) represents the depth of water at which the velocity is measured; so 
  if  hr  >> hcm  V > v 
and 
  if hr  hcm  V  v 
Hence the calculated velocities should be greater than or equal to the measured velocities. 
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4.5.2 Currents during normal conditions  
2 February 1997 
In this example the currents on two falling tides with small ranges R = 1.1 and 1.3 m are 
compared.  One tide does not fall below the bund wall; the other does fall below it.  The actual 
wave heights range from 1.1 to 1.5 m with an approximate average value of 1.3 m  (Figure 55d).  
Measured current velocities generally lie between those calculated for Hos = 1 and 1.5 m, and 
there is no obvious evidence of the tidal cycle variation (Figure 75).  The actual current 
measurements have magnitudes corresponding with those that would be calculated for waves with 
Hos ≈ 1.1 to 1.2 m rather than the actual average Hos of 1.3 m.  For the second tide which falls 
below the bund wall, Figure 55d indicates that the effects of bund wall control commence when 
zo ≈ 1.25 m.  This is confirmed on Figure 75b where the velocity V4 becomes constant at 0.3 m/s 
when the tide falls below this level.  This value is somewhat larger than that which might be 
expected to occur with a tide of similar range (1.3 m) and asymmetry (0.74) when wave 
conditions are mild – see for example Figure 27.  However, it is consistent with the velocities 
calculated for wave heights of 1.1 to 1.3 m (Figure 67b). 
18 February 1997 
The currents on the rising and falling phases of a symmetrical small average tide (Rr = 1.4 m, Rf  =
1.56 m) are compared.  Actual wave heights vary from 1 to 1.6 m with an average value of about 
1.25 m for rising tide and 1.4 m for falling tide (Figure 51a).  The measured currents are smaller 
than would be expected from calculated wave-generated currents (Figure 76) and this is 
consistent with the influence of the tidal currents for tides of this range (compare with Figures 73a 
and 74a)  Again the influence of bund wall control is evident for the falling tide when the tide 
level falls below 1.2 to 1.1 m.  The velocity equivalent to V4 is 0.32 m/s (Figure 76b). 
29 March 1996 
On this occasion the tidal ranges were similar to those on 18 February 1997, i.e. 1.4 to 1.5 m, but 
the tidal asymmetry was about 2.  Under such conditions the low tide levels are always above the 
bund wall crest.  Wave heights varied between 0.9 and 1.5 m with average values of 1.1 m on the 
rising tide and 1.2 m on the falling tide (Figure 47g and h) – a little smaller than on 18 February 
1997.  The measured currents (Figure 77) have magnitudes similar to those computed for wave 
heights of  about 1 m but there is also evidence of suppressed tidal variations similar to those 
shown on Figure 73a (curves Yand Z).  The falling tide velocities (Figure 77b) show little 
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evidence of the bund wall (reef-rim control) affecting the combined wave-generated and tidal 
currents at low tide.
6
6 March 1997  
The previous examples have involved small or small average tides.  The tides on this occasion 
were large (R = 2.6 m) with positive asymmetry (1.5).  The high tide level was 3 m and the 
predicted low tide level about 0.5 m. Wave heights were a little larger than previously, 1.2 < HBP 
< 1.9 m, with average heights of 1.5 m and 1.7 m on the rising and falling tides respectively 
(Figure 53c).  Wave periods were significantly shorter, i.e. 6 to 7 s (Figure 53c) compared with 9 
to 15 s  in the previous examples (Figures 55d, 51a and 47g and h). 
The measured currents (Figure 78) show the wave-generated current completely reversing the 
tidal current, causing continuous outflow over the northern bund wall at all states of this tidal 
cycle.  The initial current velocity of 0.32 m/s before the tide commences to rise is consistent with 
reef-rim control during the previous low tide.  As the tide initially rises the velocity reduces to a 
peak of 0.1 m/s corresponding to the V1 maximum of the rising tide (Figure 78a).  Current speeds 
then increase again but the equivalent V2 maximum is not as large as that predicted by linear 
superposition of the wave-generated and tidal currents (Figure 73b, curve X).  This suggests some 
nonlinear interaction between the wave-generated and tidal currents.  However, previous analysis 
of tidal currents under mild conditions (Section 2.4) also indicates that currents vary considerably 
in magnitude and direction during the V2 and V3 phases of large tides. 
The measured current velocities on the early stages of the falling tide (zo > 2 m) (Figure 78b) are 
similar to those predicted for tides with tidal ranges between 1.8 and 2.8 m and wave heights of 
1.5 m – see Figure 74b (curves X and Y).  Reef-rim control occurs at the bund wall when zor < 1.5 
m with V4  ≈  0.3 m/s. 
4.5.3 Currents during storm conditions 
1 May 1996 
During this event the tidal current on the northern reef-flat had been completely reversed by 
waves with heights between 1 and 2 m for two days before the wave height increased during a 
period of several hours to more than 3 m and remained over 2.6 m for sixteen hours.  The range  
of the predicted rising tide during the evening of 1 May was 2.4 m and that of the following 
falling tide was 2.2 m.  The actual recorded high tide level at S4S was 2.9 m (predicted 2.8 m).  
                                                     
6 In this example the reef-top water levels measured at S4N were unreliable and those measured at S4S have been 
substituted for them. 
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During this tide the average offreef wave height was 2.7 to 2.8 m and the wave period was 11 s.  
The winds at Heron Island were northeasterly trending to northerly then swinging to westerly at 
midnight as the tide level fell below the bund wall crest level (Figure 61d & e). 
The current velocity measured at the commencement of the rising tide is 0.48 to 0.58 m/s (Figure 
79a).  This represents the influence of reef-rim control conditions at the bund wall during the 
preceding low tide (Figure 67b).  The velocity increases slightly during the rising tide, exceeding 
0.65 m/s when the reef-top water level is about 2 m.  There is no evidence of the tidal current 
variation.  As the tide level increases above 2 m the velocity reduces to about 0.55 m/s at high 
tide.  These latter velocities are consistent with calculated velocities when Hos is 2.6 to 2.7 m 
(Figure 79a).  The actual average observed Hos was 2.7 m (Figure 61s). 
On the falling tide velocities initially trend from about 0.6 m/s increasing to 0.7 m/s as the tide 
level falls to 2.4 m.  This is consistent with calculated velocities for the observed average wave 
height of 2.8 m.  Velocities then decrease to 0.55 m/s when zo < 1.3 m as bund wall control exerts 
itself (Figure 79b).  The velocity then reduces to 0.3 m/s when the reef-top water level behind the 
bund wall falls as the wave-generated flow diminishes rapidly under the westerly winds (Figure 
61e).
7
27 July 1996 
The tidal conditions on this occasion were virtually identical with those on the evening of 1 May 
in the preceding example.  Winds were also from the northeast sector trending towards the north. 
However, while waves were about 1 m during the previous 24 hours and had reversed the tidal 
flow, on this occasion there was a sudden increase of Hos from 1 to 3 m over a three hour period 
during the previous low tide.  Tide levels on the reef-top were generally increased by about 0.2 m.  
The average Hos during the rising tide was 2.4 m with an average Tp of 8 s (Figure 63b).  
Velocities during the previous low tide were of the order of 0.5 m/s during bund wall control.  
Initially they decrease with rising tide level becoming about 0.4 m/s when zo = 2.5 m. These 
values are equivalent to those which would be expected for wave heights of 1.8 to 1.9 m under 
steady conditions (Figure 80a). When the tide level rises above 2.5 m the velocity increases to 
about 0.5 m/s, then reduces to about 0.45 m/s.  These latter values are consistent with those 
calculated for Hos = 2.2 to 2.3 m. 
                                                     
7 As on 29 March 1996 (Section 4.5.2.) the reef-top water levels measured at S4N are unreliable and those measured at 
S4S have been substituted for them.  The actual water levels at S4N when zo < 1.5 m will be higher than those at S4S 
but this fact does not have any significant effect 
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On the falling tide observed velocities increased significantly just after high tide when Hos
increased to about 2.8 m. As the tide level falls from 2.8 to 2.4 m the observed velocities are 
consistent with those calculated for Hos ≈  2.8 m as recorded.  Thereafter velocities gradually 
reduce as the tide falls reaching a value of about 0.5 m/s just before reef-top low tide level of 1 m. 
They then gradually decrease to 0.38 m/s as the water pounded on the reef-top flows over the 
bund wall weir during the period the ocean tide level is below the bund wall crest (Figure 80b). 
On this occasion it appears that there was not enough time for the rapidly increasing wave heights 
during the rising tide to pump sufficient water onto the reef-top to produce steady state set-up and 
its corresponding wave-generated flow. Hence the observed current velocities were smaller than 
those which should have occurred with the observed wave heights. 
28 July 1996 
The winds during the July storm event (Figure 63) behaved in a similar way to those in the 
April/May event (Figure 61) and swung through northeasterly to northerly then became westerly 
early on 28 July. Wave heights dropped from 2.9 m to an average of about 2.3 m during the next 
rising tide and remained at this height until the following low tide.  The wave period was of the 
order of 10 s.  The range of the predicted rising tide was 1.7 m and the falling one 2.1 m.  Actual 
tide level on the reef-top during the preceding low tide were at least 0.15 m above the bund wall 
crest but began to increase soon after the predicted ocean tide level commenced to rise.  This 
corresponded to a small increase in wave height to almost 3 m and preceded the change from 
northerly to westerly winds. Reef-top water levels were at least 0.1 m above predicted ones 
during this tidal cycle (Figure 63c). 
Current velocities resulting from bund wall control during the previous low tide (reef-top level of 
1 m) were about 0.4 m/s and increased to 0.48 m/s when the actual tide level had risen to 1.2 m.  
Velocities decreased as the tide level increased and were a rather unsteady 0.3 m/s at high tide.  
Their magnitudes generally were consistent with steady state velocities generated by 1.5 m waves 
(Figure 81a).  Current velocities increased in magnitude and variability on the falling tide 
attaining a maximum over 0.5 m/s when the reef-top tide level was 1.2 m.  This occurred when 
the predicted ocean tide level fell below the bund wall crest level.  Thereafter current velocities 
reduced continuously as the reef-top water level fell asymptotically to the bund wall crest level.  
The final velocities were about 0.3 m/s.  The actual current velocities during the falling tide 
corresponded with the calculated velocities generated by 1.5 to 2 m waves (Figure 81b). 
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In this situation the movement of the winds to westerly and later southwesterly during the falling 
tide, together with their sustained strength of 12 m/s during the rising tide (Figure 63c), is likely 
to have deflected the reef-top currents towards the east around the northern side of the island.  
Hence the measured current velocities are significantly lower than the steady state values 
calculated for the recorded wave heights of 2.3 m (Figure 81). 
4.5.4 Review of currents during normal and storm conditions 
There is generally good agreement between measured and calculated current velocities on the 
rising tide and the early stages of the falling tide for normal waves (1 m < Hos < 1.5 m).  
However, the assumption of steady uniform wave-generated flow breaks down as the tide falls 
below mean sea level and reef-rim control develops over the bund wall. Calculated velocities for 
reef-top control conditions usually are somewhat larger than measured ones.  This is consistent 
with the influence of opposing tidal inflow (Figure 74). Reef-rim control velocities also increase 
with wave height as predicted but not as much as indicated on Figure 67b. 
Under storm conditions there is generally good agreement between measured and calculated 
velocities during the 1 May event.  However, on the 27 July rising tide, the measured current 
velocities were less than their equivalent calculated ones, probably because there was insufficient 
time for sufficient water to be pumped onto the reef-top by the breaking waves to develop the 
equivalent steady state wave set-up. 
On the 28 July changing wind conditions were likely to have resulted in lower measured current 
velocities than the steady state values calculated from the recorded wave heights. This assumed 
effect of opposing winds reducing recorded current velocities is confirmed by data plotted on 
Figures 69 and 71.  In these figures the curves M where 180
o
 θw < 315o show significantly 
reduced negative current velocities compared with the curves for equivalent wave heights when 
315
o
 θw < 180o. 
Figure 75 Comparison of measured and calculated currents
at northern current meter (S4N) - 2 February 1997
(a) Falling tide (1) 04:00 to 10:20 Rf = 1.1 m
(b) Falling tide (2) 16:00 to 23:20 Rf = 1.3 m
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Figure 76 Comparison of measured and calculated currents
at northern current meter (S4N) - 18 February 1997
(a) Rising tide 13:10 to 19:00 Rr = 1.4 m
(b) Falling tide 19:00 to 02:00 (19 Feb 1997) Rr = 1.56 m
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Figure 77 Comparison of measured and calculated currents
at northern current meter (S4N) - 29 March 1996
(a) Rising tide 22:46 (28 Mar 1996) to 05:16
(b) Falling tide 05:16 to 12:16
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Figure 78 Comparison of measured and calculated currents
at northern current meter (S4N) - 6 March 1997
(a) Rising tide 00:00 to 06:20
(b) Falling tide 06:20 to 14:10
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Figure 79 Comparison of measured and calculated currents
at northern current meter (S4N) - 1 May 1996
(a) Rising tide 13:20 to 19:20
(b) Falling tide 19:20 to 01:50 (2 May 1996)
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Figure 80 Comparison of measured and calculated currents
at northern current meter (S4N) - 27 July 1996
(a) Rising tide 12:10 to 17:50
(b) Falling tide 17:50 to 01:10 (28 Jul 1996)
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Figure 81 Comparison of measured and calculated currents
at northern current meter (S4N) - 28 July 1996
(a) Rising tide 01:10 to 06:10
(b) Falling tide 06:10 to 13:40
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4.6 Influence of Offreef Wave Heights and Tide Levels on Reef-top 
Currents 
4.6.1 New analysis of field data 
The influence of offreef wave heights on the magnitude of the reef-top currents was examined in 
Section 7.4 of Gourlay and Hacker (2008a) using data from the full 12 month recording period.  It 
was found that, when the influence of tidal currents is negligible, the reef-top wave-generated 
currents increase in magnitude with increasing offreef wave heights.  This relationship is 
approximately linear which is consistent both with the theory presented in Section 4.1 of this 
report and field observations of other researchers (Hearn and Parker 1988, Symonds et al. 1995).  
The theory also indicates that the reef-top current velocity depends inversely upon the depth of 
water over the reef-top.  For a given reef topography, this depth varies with the ocean tide 
level zo. 
In the following sections the relationship between v, Ho and zo is examined using the field data 
obtained over the full 12 month recording period.  As in Gourlay and Hacker (2008a) the data at 
each current meter is considered separately for rising and falling tides using the same three 
classes of tidal ranges: 
 R < 1.4 m;   1.4 m ≤ R < 2.0 m;   2.0 m ≤ R 
As the data files were very large all data for HWis and HBP < 0.5 m was removed from the data 
sets.  The excluded data applies to mild conditions where tidal flows dominate and/or waves pass 
over the reef-rim without breaking.  In almost all such cases any influence of the wave-generated 
currents is likely to be small.  Subsequently, the average velocities corresponding to the various zo 
ranges were calculated for the excluded data and plotted on the figures presenting the data for 
HWis and HBP > 0.5 m to give an indication of the limiting velocities for the tidal currents when 
there are no wave-generated currents, i.e. when HWis and HBP → 0. 
Also excluded in one case were any data points where the offreef wave height on the sheltered 
side of the reef was greater than that on the exposed side.  Furthermore, only data where the wind 
was blowing in the same general direction as the wave-generated current was considered, i.e. 
 at southern current meter  105° ≤  θw <  165°
 at northern current meter  315° ≤  θw <  180°
Hence conditions where local winds were opposing the wave-generated currents were excluded. 
To simplify the presentation of the data the individual data points have not been plotted but trend 
lines are given for selected ranges of zo.  Correlation coefficients R
2
 are given to indicate the 
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scatter of the data relative to the trend lines (second order polynomials) and the number of data 
points defining each trend line is also given on each figure. 
4.6.2 Currents at southern current meter 
The trend lines representing the relationships between velocities recorded at the southern current 
meter and offreef wave heights HWis for specified ranges of ocean tide level zo are shown in 
Figures 82 to 87.  Also shown are the average tidal velocities when HWis < 0.5 m.  All cases 
indicate that current speed increases as the height of the waves generating the current increases.  
However, the relationship between v and HWis is not always linear. 
For ocean water levels greater than 1.5 to 1.7 m and for a given value of HWis the current speed 
generally decreases with increasing water level.  For water levels below 1.5 to 1.7 m the 
relationship between v and HWis varies depending upon the characteristics of the tidal currents that 
would have occurred if there were no wave-generated currents present (see Section 2.4 and e.g. 
Figure 23). 
In the case of large tides (R ≥ 2.0 m) and zo < 1.5 m (Figure 82), the incoming tide from the boat 
harbour attains on average velocity at the southern current meter of about 0.15 m/s in the positive 
direction opposing the wave-generated current (Figure 23).  Using the principle of superposition 
applied in Section 4.4 and Figures 73 and 74, this means that the v versus Hwis curve for zo < 1.5 
m will be displaced vertically upwards by 0.15 m/s – see curve A on Figure 82.  At higher values 
of zo (≤ 1.9 m) the opposing inflowing tidal current is of the order of 0.05 to 0.10 m/s (Figure 23) 
and this is consistent with the displacements of curves C, D and E on Figure 82.  However, no 
reasonable explanation has been found for the convex upward shape of curve A on Figure 82. 
For average tides (Figure 83) curve A for zo < 1.5 m also has a steeper slope than curves C and D 
for higher water levels but this is not the case for small tides (Figure 84).  The latter show only 
negligible upward displacement during the rising tide consistent with the very small positive tidal 
current velocities, < 0.03 m/s, for those tides. 
On the falling tide at the southern current meter the tidal flow is still opposed to the wave-
generated current at tide levels above 1.5 m so curves B, C, D and E on Figure 85 for large tides 
are still vertically displaced upwards consistent with average maximum tidal flows of about 0.15 
m/s.  However, conditions change significantly when zo falls below 1.5 m since the tidal current 
reverses and flows out through the boat harbour in the same direction as the wave-generated 
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current.  Curve A represents this situation, which becomes increasingly determined by conditions 
at the bund wall rather than on the reef-top.  In the limit for large tides the velocity of the 
outflowing tide is determined by “reef-rim” control conditions at the bund wall crest as curve A 
becomes asymptotic to the average tidal current velocity (0.12 to 0.15 m/s) for such conditions. 
When tidal ranges are average, curves B, C and D for zo  1.5 m are less influenced by tidal 
velocity (Figure 86) while the currents for small tides only have a very small influence upon the 
wave-generated current (Figure 87).  However, when zo < 1.5 m and “reef-rim” control occurs at 
the bund wall, current velocities flowing towards the boat harbour have similar magnitudes for all 
tidal ranges (Figures 85 to 87). 
The correlations for the data recorded at the southern current meter are best for the lower water 
levels of the rising phase of large tides and in almost all cases R
2 ≥ 0.5.  Correlations on falling 
tides are not as good as for rising tides and tend to be better at higher water levels.  Only about 
50% of the latter cases have R
2 ≥ 0.5. 
There is a consistent trend for the largest wave heights (2.8 to 3.1 m) to occur with large tides 
whereas the maximum wave height recorded with small tides is only about 2 m.  The smaller R
2
values for small tides are a consequence of the narrower range of wave heights recorded for these 
tides. 
4.6.3 Currents at northern current meter 
The trend lines representing the relationships between velocities recorded at the northern current 
meter and offreef wave heights, HBP, for specified ranges of ocean tide level zo are shown on 
Figures 88 to 93.  Also shown are the average tidal velocities when HBP < 0.5 m.  As with the 
southern current meter data the current speeds for given ranges of zo increase with increasing 
wave heights but the relationships between v and HBP are even less linear than those for the 
southern current meter.  Again for the higher tide levels the current speed for a given offreef wave 
height decreases with increasing zo.  Reef topography affects the currents at lower tide levels. 
The tidal currents, that would have occurred if there were no wave-generated currents, affect the 
magnitude of the observed currents, particularly on large rising tides (Figure 88).  When zo < 1.7 
m the incoming tide opposes the wave-generated currents on the northern reef-flat and curves A 
and Ba in Figure 88 are displaced vertically upwards by 0.25 m/s and 0.05 m/s respectively.  
These values are consistent with those on Figure 23 for a large tide.  At higher tide levels 
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(zo ≥ 1.7 m) the tidal flow is in the same direction as the wave-generated current and the curves 
Bb, C, D and E are displaced downwards by amounts between 0.03 and 0.13 m/s.  This influence 
of tidal flows only occurs for HBP < 1.25 m.  At larger values of HBP the wave-generated current 
completely dominates over the tidal flow and the v versus HBP relationship approaches a linear 
asymptote. 
The relationships between v and HBP for average rising tides (Figure 89) and small tides (Figure 
90) are similar to those for large tides but with less vertical displacement of the wave-generated 
current relationship because of the smaller tidal velocities occurring during these smaller tides. 
On the falling tides the relationship between current velocity and wave height varies in a 
generally similar manner for both the northern current meter (Figures 91 to 93) and the southern 
current meter (Figures 85 to 87).  For zo ≥ 1.5 m the tidal outflow is opposed to the wave-
generated current and curves B, C, D and E in Figures 91 to 93 are displaced upwards, whereas 
for zo < 1.5 m (curve A) the tidal outflow towards the boat harbour is added to the wave-
generated flow but the flow velocity is limited by “reef rim” control at the bund wall. 
4.6.4 Comparison of calculated and measured currents 
The theory presented in Section 4.1 indicates that the wave-generated currents under reef-top 
control conditions increase with increasing wave heights in an approximately linear manner 
(equation 21). 
The same calculations used to plot Figure 67 have been used to prepare Figure 94, where the 
wave set-up 
r
  and the wave-generated current velocity v on the northern reef-flat are plotted as 
functions of offreef wave height Hos for specified tide levels zo.  The two graphs clearly show the 
limiting conditions when the smallest waves pass over the reef crest without breaking.  For larger 
waves v increases linearly with wave height but the relationship between v and zo is nonlinear.  
For a given value of Hos, v attains a maximum value as the water level falls to the level where 
reef-top control is superseded by reef-rim control (equation 23). 
Northern current meter – rising tide 
Comparison of the calculated data in Figure 94 with the recorded data trend lines for v versus HBP
in Figures 88 to 93 is difficult because of the influence of tidal currents upon the recorded data.  
However, for the northern current meter the current reversal on the rising tide when zo ≈ 1.7 m 
provides the opportunity for a direct comparison.  Data for 1.6 m ≤ zo < 1.8 m from all three tidal 
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range classes has been plotted in Figure 95, together with the calculated relationship between v 
and Hos for zo = 1.7 m. 
The resulting linear trend line (R
2
 = 0.6161) for the recorded data gives velocities about 0.04 to 
0.06 m/s smaller than those calculated for a given wave height.  This result is generally consistent 
with the results obtained in Section 4.5 for specific events where measured current speeds were 
equivalent to those calculated for wave heights smaller than those actually recorded. 
There are several factors which could have contributed to this discrepancy: 
• the values of the parameters Kp, f, Lr selected for use in equation 21 are not precise and 
may need adjustment; 
• the waves approach the reef-crest at an angle and will be refracted before breaking; hence 
the effective HBP causing the wave set-up which generates the current is less than that 
measured offreef; 
• tide levels on the reef-top are changing continually and offreef wave heights also are 
varying in time so that steady state wave set-up is never attained; so actual velocities are 
less than those calculated – this effect will become increasingly significant as wave 
heights increase; 
• velocities are measured at a fixed location near the reef surface and may not be equivalent 
to the mean velocity of the two dimensional theoretical wave-generated flow. 
Figure 96 shows separate linear trend lines for each of the three tidal range classes derived from 
data plotted on Figure 95.  Clearly, the relationship between v and HBP given in Figure 95 for this 
particular range of zo (1.6 to 1.8 m) is independent of tidal conditions as anticipated.  This is 
definitely the case for large tidal ranges (R > 2.0 m) where the average tidal velocity for HBP < 0.5 
m is virtually zero.  Figures 95 and 96 also indicate that the limited data for large offreef wave 
heights is significantly biased towards the larger tidal ranges.  Whereas offreef waves of 2.6 to 2.7 
m height occur with large tidal ranges, the maximum wave height recorded with small tides was 
about 1.5 m.  No clear explanation for this behaviour has been discovered but it is postulated that 
it may be the result of wave refraction effects around the reef platform that have been modified by 
changing tidal current velocities.  The authors are unaware of any mechanism that would link 
larger tidal ranges with the occurrence of more severe meteorological conditions that in turn 
would produce larger offreef waves. 
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A second comparison between recorded and calculated wave-generated currents is shown in 
Figure 97.  Here current data for the latter phase of the rising tide (zo ≥ 1.9 m) at the northern 
current meter is considered.  In this case the tidal current is negative as the tide flows over the 
northern reef-rim onto the northern reef-flat and towards the boat harbour.  Hence both tidal and 
wave-generated currents are in the same direction.  The influence of the tide is evident when HBP
< 1.5 m but for wave heights > 1.5 m and large tides ((R > 2.0 m) the tidal influence disappears 
and the v versus HBP relationships become asymptotic to the calculated straight line relationships.  
As in the previous comparison the recorded velocities are somewhat lower than the calculated 
ones, generally of the order of 0.04 to 0.06 m/s. 
Northern current meter – falling tide 
At the northern current meter during the falling tide the tidal flow initially opposes the wave-
generated flow until the tide level falls to mean sea level, zo  1.5 m, when there is a current 
reversal and the ebb tide begins to flow towards the boat harbour in the same direction as the 
wave-generated flow.  Data for 1.4 m  zo < 1.6 m from all the tidal range classes has been 
plotted on Figure 98, together with the calculated relationship between v and Hos for zo = 1.5 m.  
The resulting linear trend-line for the recorded data gives velocities about 20% smaller than those 
calculated for a given wave height and its correlation coefficient is not very good (R
2
 = 0.4311).  
It is probable that the measured values for large wave heights do not reflect the steady state 
situation assumed for the calculations and that there has been insufficient time to build up the 
steady state wave set-up. 
Trend-lines for the three tidal range classes (Figure 99), while generally parallel to one another, 
show distinctly different magnitudes as do the corresponding mean tidal velocities for mild 
conditions.  Both these trends are different from those observed for the rising tide current reversal 
(Figure 96).  This different behaviour is probably related to the fact that the tide level, zo, at which 
reversal occurs changes with tidal range, being higher than 1.5 m for small tides. 
During the early stages of the falling tide (zo  1.5 m ), the tidal flow is opposing the wave-
generated flow and the v versus HBP relationships are displaced upwards on the data plots (Figure 
100).  Some of the relationships are linear and parallel to the calculated values, i.e. generally 
those with zo < 2.3 m.  However relationships for large zo and large R are generally curved, i.e.
convex upwards.  The correlation between v and HBP is much better for large tides (R
2
 0.68), 
whereas R
2
 is always < 0.45 for average and small tides. 
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Elimination of tidal current velocity 
The comparison between measured and calculated currents at the occasions of current reversal on 
the rising and falling tides at the northern current meter is clarified if the v versus HBP plots are 
adjusted by subtracting the average tidal velocity for HBP < 0.5 m from the trend-lines obtained 
for the various tidal ranges when HBP > 0.5 m. 
Figure 101 shows the result of doing this for the rising tidal current reversal (Figures 95 and 96) 
and Figure 102 gives the equivalent result for the falling tidal current reversal (Figures 98 and 
99).  In both cases the resulting trend-lines for the experimental data show relatively little 
variation with tidal range indicating that tidal influence has been virtually eliminated.  Both 
figures indicate a threshold value for HBP (v = 0) just above the theoretical value.  This is 
consistent with the somewhat smaller measured current velocities compared with the theoretical 
ones calculated for the same wave height.  The slope of v versus HBP relationship on the rising 
tide (Figure 101) is essentially the same as the slope of the calculated relationship.  However, the 
measured and theoretical relationships on the falling tide have different slopes  (Figure 102).  This 
latter discrepancy is probably caused by the inability of the waves to pump sufficient water onto 
the reef-top to develop the full wave set-up appropriate for a given tide level since the tide level is 
falling rapidly. 
In general, it may be stated that 
 V = C(Hos – Hoscr) (44) 
Where Hoscr  0.3 to 0.5 m is the threshold condition for the generation of a wave-generated 
current and the constant C is independent of tidal range. 
Figure 82 Southern current meter, rising tide, R >= 2.0 m
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Figure 83 Southern current meter, rising tide, 1.4 m<= R < 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height in Wistari Channel, HWis
for various tide levels, zo
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Figure 84 Southern current meter, rising tide, R < 1.4 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height in Wistari Channel, HWis
for various tide levels, zo
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Figure 85 Southern current meter, falling tide, R >= 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height in Wistari Channel, HWis
for various tide levels, zo
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Figure 86 Southern current meter, falling tide, 1.4 m <= R < 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height in Wistari Channel, HWis
for various tide levels, zo
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Figure 87 Southern current meter, falling tide, R < 1.4 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height in Wistari Channel, HWis
for various tide levels, zo
Only data with HWis >= 0.5 m
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Figure 88 Northern current meter, rising tide, R >= 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 89 Northern current meter, rising tide, 1.4 m <= R < 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 90 Northern current meter, rising tide, R < 1.4 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 91 Northern current meter, falling tide, R >= 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 92 Northern current meter, falling tide, 1.4 m <= R < 2.0 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 93 Northern current meter, falling tide, R < 1.4 m
17 March 1996 to 18 March 1997
Current speed, v, vs wave height offreef from Blue Pools, HBP
for various tide levels, zo
Only data with HBP >= 0.5 m
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Figure 94 Computed wave set-up and wave-generated current 
velocities for northern reef-flat as functions of wave height 
(equations 18, 21and 23)
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Figure 95 Northern current meter, rising tide, all R
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.6 m <= zo < 1.8 m
For HBP >= 0.5 m, data points & linear trend line
For HBP < 0.5 m, mean, sd, max & min
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Figure 96 Northern current meter, rising tide, all R
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.6 m <= zo < 1.8 m
Linear Trendlines for HBP >= 0.5 m
Mean values for HBP < 0.5 m
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Figure 97 Northern current meter, rising tide, all R
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP, for given zo
Only data with HBP >= 0.5 m
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Figure 98 Northern current meter, falling tide, all R 
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.4 m <= zo < 1.6 m
For HBP >= 0.5 m, data points &  linear trend line
where HWis < 1.5 m and HWis < HBP
For HBP and HWis both < 0.5 m, mean, sd, max & min 
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Figure 99 Northern current meter, falling tide, all R 
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.4 m <= zo < 1.6 m
Linear trendlines for HBp >= 0.5 m,
where HWis < 1.5 m and HWis < HBP
Mean values for HBP and HWis both < 0.5 m
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Figure 100 Northern current meter, falling tide, all R 
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP, for given zo
Trendlines (2nd order) for HBp >= 0.5 m,
where HWis < 1.5 m and HWis < HBP
Mean values for both HBP and HWis < 0.5 m
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Figure 101 Northern current meter, rising tide, all R
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.6 m <= zo < 1.8 m
Only data for HBP >= 0.5 m, linear trend lines
For a given tidal range class, mean tidal velocity (HBP < 0.5 m)
has been subtracted from v
Only data with 315
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Figure 102 Northern current meter, falling tide, all R 
17 March 1996 to 18 March 1997
Current speed, v, vs wave height, HBP
for 1.4 m <= zo < 1.6 m
Only data for HBP >= 0.5 m, linear trend lines
where HWis < 1.5 m and HWis < HBP
For a given tidal range class, mean tidal velocity (HBP < 0.5 m)
has been subtracted from v
Only data with 315
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4.7 Summary 
Waves breaking on the seaward rim of a coral reef cause wave set-up and the resulting water 
surface gradient generates a flow across the reef-top from the exposed side of the reef to the 
sheltered side. 
Gourlay and Colleter’s (2005) theory using a wave pump analogy provides relationships for 
computing the wave set-up, 
r , as well as the current velocity and discharge of the wave-
generated flow.  In the case of reef-top control, where the flow is controlled by the water surface 
gradient and the roughness of the reef-top surface, the current velocity, V, is directly proportional 
to the offreef wave height, Ho ( Horms).  The theory also predicts that the velocity depends on the 
wave period, T, and is inversely dependent on the water depth over the reef-top.  Where reef-rim 
control occurs, V is largely independent of the offreef conditions and depends upon the water 
depth at the reef-rim. 
At Heron Island, the wave-generated currents are better defined on the northern side of the island 
and the current meter there was better located in the main flow path than the one on the southern 
side; so data from the northern current meter has been used for comparison of measured and 
calculated wave-generated current velocities.  For these calculations the reef-top parameters, Kp, f 
and Lr, have the same values as those assumed by Gourlay and Colleter.  The sinusoidal wave 
height equivalent to Horms is replaced by Hos ( HBP)/2 and the wave period is taken as Tp = 
osH20  (see Section 4.2).  Initially the velocity, V, of steady uniform currents generated by 
waves breaking on the northern reef rim has been calculated for given values of HBP as a function 
of 
rrr zhZ ++η= , which gives a unique relationship for reef-rim control.  A more useful form 
of result has been obtained by also calculating the corresponding value of 
r  and plotting V for a 
given value of Hos as a function of offreef tide level zo = hr + zr. 
Two limiting conditions have been identified for wave-generated currents on the reef-top 
adjoining Heron Island.  The first concerns the conditions under which waves pass over the reef-
rim without breaking, hence causing no wave set-up and generating no current.  The maximum 
wave height that can pass over the reef-rim at high tide is given by a relationship of the form, Hos
= C1 + C2R, where C1 is proportional to (zmsl – zrr), C2 is a function of tidal asymmetry A and R is 
the tidal range. 
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The second limiting condition is when the wave-generated current completely reverses the 
opposing tidal flow.  This condition is defined by a relationship of the form Hos = C3R, where C3
is a function of A, Tr, Tp and reef-top parameters.  These two limiting conditions define three 
zones on a plot of Hos versus R: - 
− a lower zone A corresponding to mild conditions where tidal currents dominate; 
− an upper zone C where wave-generated currents dominate; and 
− an intermediate zone B where both waves and tides influence the reef-top currents. 
With two exceptions, the experimental data for observed current reversal all fall within zone B.  
Generally the flood currents generated by small tides (R < 1.4 m) are reversed when Hos > 0.75 to 
1 m; those for average tides (1.4 m  R < 2 m) when Hos > 1 to 1.25 m; and those for large tides 
(2 m  R) when Hos > 1.25 to 1.5 m. 
When reef-top control occurs, the tidal and wave-generated currents can be linearly superimposed 
to approximately simulate the variation of the resulting reef-top current velocity as a function of 
ocean tide level.  However, superposition cannot be applied for currents during the falling stages 
of average and large tides when reef-rim control is being established. 
Comparison of measured wave-dominated currents with calculated wave-generated currents 
during various rising and falling tides under moderate wave conditions (1.0  Hos < 1.5 m) 
generally gives good agreement.  However, during storm conditions (2 m  Hos < 3 m) measured 
velocities are lower than calculated ones, probably because there was insufficient time for the 
waves to pump sufficient water onto the reef-top to develop the equivalent steady state set-up.  
Changing wind conditions may also have  the same effect upon the actual currents. 
The theory of Gourlay and Colleter predicts that the wave-generated current velocity, V, increases 
in magnitude with increasing offreef wave height, HBP, HWis, and decreases as the water depth 
over the reef-top increases.This prediction was tested using all relevant available data measured at 
both current meter sites. As in previous analyses (Gourlay & Hacker 2008a), separate analyses 
were made for large, average and small tides and, additionally, only data obtained when the wind 
was blowing in the same general direction as the wave-generated current were considered.  
Separate analyses were made for rising and falling tides.  Since waves below 0.5 m height 
generate negligible wave-generated current, data for these mild conditions were also excluded 
from the analysis.  Instead average velocities were calculated for these tidally dominated 
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conditions.  For HBP, HWis > 0.5 m, v was plotted as a function of HBP, HWis for specified narrow 
ranges of ocean tide level, zo. 
In general, at the southern current meter site, v increases with increasing HWis above 0.5 m and 
decreases with increasing zo – equivalent to increasing water depth on the reef-top.  At the higher 
tide levels the tidal current is in the opposite direction to the wave-generated current and the v 
versus HWis curves are displaced relative to the v = 0 axis, giving reduced wave-generated 
velocities.  This effect is greatest for the large tides, but is virtually negligible for small tides.  
When zo falls below 1.5 m both tidal and wave-generated currents are flowing towards the boat 
harbour and reef-rim control conditions develop. 
At the northern current meter site, the tidal current reverses when zo  1.7 m and the reef-top 
velocities are increased as the tidal current velocity is added to the wave-generated velocity.  The 
relationships between v, HBP and zo during the falling tide are similar to those during the rising 
tide. 
A direct comparison between measured and calculated wave-generated current velocities has been 
made for the northern current meter site when the tidal current velocity is zero for both the rising 
tide (1.6 m  zo < 1.8 m) and the falling tide (1.4 m  zo < 1.6 m).  After any residual tidal 
velocities have been subtracted it is found that the wave-generated current velocity is given by the 
relationship v = C(HBP – HBPcr) where HBPcr  0.3 to 0.5 m, corresponding to the threshold 
condition for the generation of a wave-generated current.  This relationship is virtually 
independent of tidal range and for the rising tide is parallel to the calculated relationship.  The 
latter predicts values about 0.07 m/s higher than the measured ones.  The relationship for the 
falling tide is not parallel to the calculated relationship.  However, there are only a few data points 
(HBP = 2.5 m to 3 m) larger than HBP = 1.5 m and it is probable that the full equilibrium wave set-
up has not developed for these large wave heights.  Consequently, the measured values of v for 
these large wave heights are smaller than their corresponding equilibrium values. 
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5 REEF-TOP SEDIMENT TRANSPORT AND BOAT HARBOUR 
SEDIMENTATION 
5.1 Tropical Cyclones and Sedimentation in Boat Harbour 
On 29 January 1967, during the construction of the original boat harbour, Tropical Cyclone 
“Dinah” passed over Heron Island.  The harbour entrance channel and almost completed mooring 
basin were filled with sediment transported from the reef-flat by wave-generated currents.  
Subsequently the harbour was redredged and the loose coral rubble walls around the dredged area 
restored.  This work was completed in late October 1967. 
During the early 1970s cyclones damaged the rubble wall on the northern side of the boat harbour 
and on 2 April 1972, TC “Emily” passed directly over the island.  The breaches in the rubble 
walls were significantly enlarged and substantial quantities of sand and coral almost completely 
filled the mooring basin and the entrance channel.  These sediments were removed by dredging 
and placed on the reef-flat in front of the resort sea wall on the northwestern side of the island in 
October 1972.  At the same time the rubble walls were repaired but some sections of them were 
lower than they were prior to the cyclone damage occurring.  By the end of 1975 the sand that had 
been placed in front of the resort sea wall had moved southwestward under the influence of wave-
generated currents and was beginning to enter the northern side of the mooring basin again. 
On 19 – 20 January 1976, TC “David” passed to the north of Heron Island and sand was again 
deposited in the mooring basin by wave-generated currents on the southern reef-flat.  Four years 
later, TC “Simon” passed over the island on 26 February 1980 and more sand from the southern 
reef-flat was deposited in the boat harbour.  The harbour was dredged again between November 
1980 and February 1981 (Gourlay 1983). 
Subsequent to the enlargement of the boat harbour in 1987, Tropical Cyclones “Fran” in March 
1992, “Rewa” in January 1994 and “Justin” in March 1997, as well as other storms, all caused 
conditions which resulted in sediment being transported into the boat harbour. 
This chapter discusses reef-top sediment transport by wave-generated currents during T.C. 
“David” (Section 5.2), the movement of concrete blocks during T.C. “Rewa” (Section 5.3), 
sedimentation in the boat harbour during T.C.s “Fran” and “Rewa” (Section 5.4) and removal of 
sediments from the boat harbour and their deposition in Wistari Channel (Section 5.5). 
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5.2 Sediment Movement during Tropical Cyclone “David”, January 1976 
5.2.1 Impact of T.C. “David” upon Heron Island 
On 19 January 1976, Tropical Cyclone “David”, travelling westsouthwestward from the Coral 
Sea, crossed the southern Great Barrier Reef and the Queensland coast between Rockhampton 
and Mackay.  It passed about 200 km north of Heron Island as winds gusted to 200 km/h (56 m/s) 
and minimum central pressure was 961 hPa.  During the previous two to three days, waves 2 to 3 
m high were observed breaking along the southern reef-rim and the period of strongest winds and 
largest waves coincided with some very high spring tides (Flood and Jell 1977). 
There was comparatively little erosion of the western end of Heron Island since the generally 
southeasterly to easterly waves attacked the windward side of the island.  The then existing rubble 
mound bund walls along each side of the harbour and its entrance channel, that had been damaged 
by previous cyclones, were further reduced in height.  Sand was deposited in the boat harbour, 
particularly from the reef-flat on the southern side of the mooring basin.  On the northern side of 
the island the beach was eroded along 100 m east of the rock wall protecting the resort.  Sand 
from the northern beach was spread out over the reef-flat and sand was carried out through the 
harbour entrance channel and over the reef-rim into Wistari Channel (Gourlay 1983). 
5.2.2 Effect of T.C. “David” upon sediment distribution patterns on reef 
In August 1975, Flood and Jell (1977) had collected sediment samples from the western end of 
Heron Reef, including the beach and reef-flat around the island and the reef-rim on both sides of 
it.  Jell was present on the island during the period when T.C. “David” passed over the Great 
Barrier Reef and Queensland coast.  Besides making first hand observations of the cyclone’s 
impacts on the reef and island, he was able to resample several of the sites previously sampled 
immediately after the cyclone (20 January 1976).  Size and sorting parameters were calculated for 
each sample and contour plots of these two parameters compared with similar plots for the data 
obtained in August 1975.  Representative transect lines and particle size distributions for before 
and after the cyclone were also compared. 
Flood and Jell found that coarse material (> 2 mm) had been added to the outer reef-top sediments 
and that fine material (< 0.125 mm) had been removed from the reef-top to inter-reefal areas (e.g. 
Wistari Channel).  Considerable quantities of coarse sand, gravel and boulder sized skeletal 
fragments, as well as complete coral heads carried from the sloping reef-face to the reef-top 
surface as waves broke, were found on the reef-rim immediately after the cyclone.  Most of this 
material was too large to be moved by tidal currents.  Moreover, Flood and Jell deduced that the 
255 
hydraulic regime on the reef-top had changed from dominant transport normal to the reef-rim 
prior to the cyclone to higher energy conditions with transport controlled by both the wind 
direction during ebb tide and the morphology of the reef-top. 
The boat harbour was filled with sediments during the 1976 cyclone season, presumably largely 
during T.C. “David”.  These sediments showed an absence of fine particles (< 0.125 mm) 
suggesting that the deposits were from bed load transport. 
5.2.3 Winds, waves and tides at Heron Island during T.C. “David” 
To obtain a better understanding of the cyclonic wave conditions causing the movement of 
sediments on Heron Reef during T.C. “David”, Gourlay and McMonagle (1989) set up a 
numerical wave hindcasting model using the SPECT model previously developed by Young and 
Sobey (1981), Sobey and Young (1986).  Initially, Gourlay and McMonagle (1989) used two 
grids: a coarser one covering the ocean area traversed by the cyclone when generating waves at 
Heron Island and a finer one to allow representation of the various reefs and bathymetry in the 
vicinity of Heron Reef (Figure 103).  The transfer of wind energy to the wave field and hence the 
directional wave spectrum was calculated at the coarse grid points while wave ray propagation 
(refraction and shoaling) was computed at the finer grid points.  Besides reproducing the moving 
rotating cyclonic wind system, the model also could incorporate the noncyclonic ambient winds 
generated by a superimposed pressure gradient. 
To operate this numerical model, observed values of the path of the cyclone, its forward speed, 
central pressure, radius to maximum wind and ambient pressure gradient were obtained from six 
hourly synoptic charts.  Model verification was established initially by comparing computed wind 
speeds and directions with corresponding values observed (09:00 and 15:00) at Heron Island and 
North Reef Lighthouse within the modeled area and Cape Capricorn some distance outside the 
western edge of the modeled area.  Wave data, recorded at 03:00 and 15:00 during the cyclone, 
was available at a site east of Great Keppel Island just outside the western boundary of the model 
grid (Figure 104). 
The Heron Island wind data was unreliable for this cyclone, but reasonable comparisons were 
obtained at North Reef and Cape Capricorn for peak winds during T.C. “David”8.  The largest 
waves computed (including ambient wind) were higher than the measured ones but it appears that 
                                                     
8  The cyclone also passed almost directly over the automatic weather stations at Frederick Reef in the Coral Sea and 
Gannet Cay in the southern Great Barrier Reef (Swain Reefs).  Subsequent calculations of winds at these two locations 
also gave reasonably good agreement with recorded wind data. 
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the twelve hour recording interval had missed the largest waves.  However, the model did not 
reproduce the 2 to 3 m swells which broke along the southern reef-rim on 17 and 18 January 
before the cyclone crossed the outer Great Barrier Reef and cyclonic wind waves began to reach 
the island.  Subsequently, McMonagle investigated the use of a third and larger grid in the model, 
so that waves generated by the strong pressure gradient south of the cyclone when the latter was 
out in the Coral Sea could be reproduced (Figure 104)
9
. 
According to the model, the maximum waves at Heron Island occurred at about 18:00 on 19 
January when the cyclonic influence was greatest.  These waves were propagating westward and 
had a significant height of about 4 m on the exposed side of Heron Reef.  At the western end of 
Heron Island, the significant waves were about 2.6 m high (Figure 105).  The spring high tide 
levels were about 3 m that day, but it appears that the highest waves occurred at low tide.  
Consequently, erosion damage to the island’s foreshore was not severe.  As the cyclone moved 
further westward and crossed the coast early on 20 January, the wave direction swung around 
anti-clockwise, becoming northeasterly (southwestward) as the tide rose again that morning to a 
high of about 3 m.  At the same time, the wave height off the northwestern side of Heron Reef fell 
to a little over 1 m.  These waves would have been able to cross the reef-rim with minimal 
dissipation by breaking; then propagate across the reef-flat and break directly on the northern 
beach of the island, thus causing the erosion observed there. 
5.2.4 Reef-top currents during T.C. “David” 
As mentioned in Section 5.2.2, Jell was present on Heron Island during T.C. “David” and 
observed suspended sediments of “finer particle sizes” (< 0.125 mm) moving from the shallow 
lagoon east of the island in a northwestward direction
10
 across the windward (southern reef-flat.  
Jell attributes this movement to “translatory wave action” related to extremely heavy seas 
coinciding with a strong tidal current.  Flood and Jell (1977) state that sediment transport on the 
reef-top was controlled by wind direction during ebb tides and by the morphology of the reef-top.  
Furthermore, a photograph taken from the anemometer tower on the island shows that the 
suspended sediment body moving northwestward across the reef-flat turned seawards before it 
reached the boat harbour and moved over the reef-rim in a southeastward direction into Wistari 
channel before running southeastward under the influence of the offreef ebb tide. 
                                                     
9  Owing to lack of time and resources this numerical wave hindcasting project, which was intended to include several 
other historical cyclones that affected Heron Island during the period from the late 1960s to early 1980s, was not 
completed. 
10  Correction – Flood and Jell (1977) state northwesterly, not northwestward, but clearly northwestward is implied. 
257 
Comparison of the computed wave conditions with the predicted tides (Figure 105) indicates that 
the peak cyclonic waves at Heron Island occurred around low tide on the afternoon of 19 January.  
However, these were preceded by long swells with a significant wave height of at least 3 m 
during the two previous days.  These swells broke on the southern reef-rim where they were 
responsible for the deposition of coarse coral detritus, etc.  The wave set-up caused by them 
would have generated a (north)westward current across the southern reef-flat which at higher tide 
levels would have opposed and overcome the eastsoutheastward flood tidal current from the boat 
harbour and at lower tide levels augmented the (north) westward ebb-tidal current flowing 
towards the boat harbour. 
As the waves breaking on the southern reef-rim subsided and the tide level in the boat harbour 
began to rise again after low tide, there would have been an increasing backwater effect which 
slowed and diverted the northwestward current on the southern reef-flat so that it flowed seaward 
over the reef-rim south of the boat harbour entrance. 
Unfortunately, the cyclonic wave hindcasting model was not developed sufficiently to allow the 
offreef conditions along the southern side of the reef during the cyclone to be computed.  Even if 
this had been done, computation of the velocities of the wave-generated currents on the southern 
reef-flat during T.C. “David” would require a two-dimensional model rather than the one-
dimensional application of Gourlay and Colleter’s (2005) theory for wave-generated currents on 
the northern reef-flat as presented in Chapter 4.  The latter indicates reef-top current velocities of 
the order of 0.8 m/s for 3 m offreef waves (Figure 94).  Maximum measured velocities for these 
waves are about 0.7 m/s for the northern reef-flat (Figure 91) and 0.5 m/s for the southern reef-
flat (Figure 85). 
Given that the southern reef-flat is wider than the northern one and hence the energy gradient 
caused by wave set-up is smaller there, it can be expected that wave-generated currents generally 
will be slower on the southern reef-flat.  However, there is probably a greater convergence of the 
flow approaching the southern side of the boat harbour and local velocities may be greater and 
therefore able to transport larger sediments into the boat harbour.  Moreover, as noted in Gourlay 
and Hacker (2008a, Ch.2), the southern current meter was located for practical reasons to the side 
of the well-defined ebb flow-path on the reef-top. 
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Figure 103 A and B grids used to model waves generated in 
vicinity of Heron Island by T.C. “David”.  January 
1976 
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Figure 104 Comparison of computed and recorded waves 
east of Great Keppel Island during T.C. “David” 
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Figure 105 Computed wave height and direction near Heron 
Island during T.C. “David”, 19 and 20 January 1976. 
  (A & B grids with ambient wind) 
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5.3 Movement of Concrete Blocks during T. C. “Rewa”, January 1994 
5.3.1 The “groyne” and the impact of T.C. “Rewa” on it 
Early in 1994, during a period of neap tides, tropical cyclone “Rewa” passed to the east of Heron 
Island on 20 January.  Waves generated by this cyclone broke on the northern reef-rim and caused 
a southwestward flow across the northern reef-flat into the boat harbour.  About thirty 1.1 t 
concrete blocks forming part of a temporary “groyne” were moved distances up to almost 9 m
11
 in 
the general direction of this flow and sand from the reef flat was deposited in the boat harbour 
(Gourlay 1995). Calculations by Gourlay and Colleter (2005) indicate that the velocity of the 
wave-generated current would have been of the order of at least 0.7 to 1 m/s. 
At the time of commencement of construction of the bund walls either side of the boat harbour in 
October 1993, some of the concrete blocks to be used in the construction of these walls were 
formed into a temporary “groyne” to divert ebb tide and wave-generated flows, as well as 
sediments, away from both the worksite and the mooring basin at the eastern end of the boat 
harbour.  Fiftyfour rectangular concrete blocks were placed end to end on the sand with an 
alignment similar to that of a previous block wall which had been removed in 1992.  Indeed a 
portion of the “groyne” appeared to be sitting on a small mound of sand about 100mm high which 
was the base for the previous longer line of blocks (Figure 106).  Aerial photographs show that 
the blocks were put in place sometime before 14 October 1993.  These blocks were 1.2 m long, 
0.6 m wide and 0.6 m high with a mass of 1.1 to 1.2 tonnes.  At one end of each block there was a 
trapezoidal spigot and at the other a matching socket (see Figure 107).  It is important to note that 
this “groyne”, unlike the bund walls, was not an engineered structure; there was no proper 
foundation and most of the blocks were resting on a surface or deposit of sand; their only restraint 
was their interlocking spigot and socket ends. 
The “upper” surface of each block had a recess with a steel lug which allowed the hook of a 
mobile crane to be used to lift, transport and place the block.  Most of these recesses were in the 
shape of a small depression at the centre of upper surface, e.g. blocks 1, 3 ,4 and 6 in Figure 107, 
but some blocks had a transverse slot in their upper surface, e.g. blocks 5 and 7 in Figure 107.  
Block 2 was placed upside down (Figure 107).  All the other blocks which can be seen clearly in 
photographs are placed correctly with the upper surface facing skyward and it has been assumed 
that those that can not be seen clearly were placed correctly since moving them into place 
involved lifting them with a crane. However, in some cases the presence of blocks with slots in 
their upper surfaces made it difficult to identify individual blocks in photographs.  
                                                     
11 Corrected value – Gourlay (1995) gives 12 m. 
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A photograph (Figure 107a) of the “groyne” was taken from the resort sea wall on 13 January 
1994 prior to the passage of tropical cyclone “Rewa”.  There is a gap in the “groyne” equivalent 
to four blocks which had been removed sometime between 14 October 1993 and 13 January 1994 
to allow mechanised equipment to be driven along the beach. 
Photographs of the “groyne” were taken soon after the cyclone had passed; from the sea wall on 
26 January (Figure 107b) and from the air on 29 January (Figure 108).  These show that more 
than half the blocks had been moved in a generally southward direction sometime between 13 and 
26 January, i.e. during the passage of T.C. “Rewa”.  The aerial photographs also show streaks of 
sand on the reef flat downstream of the wall, clearly indicating the southwestward direction of 
water flow which transported sediment into the northeastern corner of the boat harbour (Figure 
108).  Comparison of the outline of the harbour edge from the before and after aerial photographs, 
together with field inspection, indicated that about 250 m
3
 of sediment of various sizes including 
live coral had been deposited in the northeastern corner of the boat harbour (Gourlay 1995). 
5.3.2 Analysis of block movements 
The location of the blocks on the reef flat before and after the cyclone was determined from aerial 
photographs taken from surveillance aircraft in October 1993 and January 1994 (Figure 108).  
The quality of these images is not as good as for normal aerial photographs but with some trial 
and error each block was identified and it was deduced that the “groyne” was constructed 
originally using fiftyfour blocks. This analysis enabled the before and after locations of the 
concrete blocks to be plotted and the horizontal displacement of each block determined (Figure 
108).  Of the fiftyfour blocks forming the “groyne”, thirtyone were moved distances ranging form 
0.6 m to 8.3 m.  Blocks 1 to 7 and 12 on the beach at the shoreward end of the “groyne” were not 
moved, although a couple may have changed elevation slightly.
12
  Blocks 44 to 54 on the reef flat 
at the seaward end of the “groyne” also were not moved.  The horizontal displacement, direction 
of movement of each block and its final orientation are given in appendix G. 
Considering the relative positions of the various blocks after movement during the cyclone, it 
appears that failure of the “groyne” occurred at several places.  The largest displacement occurred 
on the lower portion of the beach where blocks 24 to 35 all moved about 5 m or more with blocks 
33 to 35 at the base of the beach moving more than 7.5 m.  With one exception (block 42) 
displacements of blocks further seaward on the reef flat were no more than 1.3 m. 
                                                     
12 Blocks 8 to ll were the ones removed before the cyclone. 
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The exact sequence of failure can not be determined from the relative block locations alone but 
requires consideration of tide levels and current velocities.  However, it is probable that blocks 33 
to 35 were the first to move followed by blocks 36 to 39.  Blocks 40 and 41 would have moved 
before blocks 37 to 39 since the movement of block 39 was impeded by relocated block 40.  
Block 42 certainly moved before block 43 and probably before or at the same time as blocks 40 
and 41.  Some but not all of these blocks tended to move southwestward towards the boat 
harbour. 
Blocks located on the beach tended to be displaced southsoutheastward approximately parallel to 
the shoreline (Figure 108).  Blocks 24 to 32 appear to have moved at the same time with blocks 
27 and 28 initiating this movement.  Blocks 23 and 22 probably also moved at this time.  The 
section of the “groyne” formed by blocks 13 to 21 apparently broke between blocks 17 and 18 
with blocks 18 to 21 on one side and 16 and 17 on the other side rotating and moving together.  
The shore most blocks to move, 13 to 15, were displaced as a single unit a short distance in the 
downstream direction. 
The movement of sand from reef flat into the boat harbour has already been noted.  A significant 
increase in sand levels on the beach (blocks 1 to 23) also can be seen in the postcyclone 
photograph (Figure 107b).  The top of these sand deposits was almost as high as the unmoved 
blocks.  Comparison of Figure 107b with the precyclone photograph (Figure 107a) indicates that 
the sand deposit upstream of the blocks was about 0.5 m deep.  Deposits on the beach 
downstream of the blocks were about half this depth (Figure 109b). 
5.3.3 Factors influencing the movement of the blocks 
The amount of movement of the various blocks depends upon both the tide level and the 
magnitude of the wave-generated current, together with their location on the beach profile and 
reef flat.  While the plan location of the blocks was determined relatively easily from the aerial 
photographs (see Section 4.7.2), their elevation was much harder to determine.  No beach profile 
surveys were available in the vicinity of the “groyne”, either immediately before or after the 
passage of the cyclone.  However, there was a survey made by Reader (1992), as well as various 
photographs taken before and after the cyclone. 
One photograph, taken on 14 January 1994 when the tide level was between 1.4 m and 1.2 m, 
shows several blocks (25 to 35) of the central portion of the “groyne” just projecting above water 
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level.  Others show blocks at the landward end of the “groyne” next to the resort seawall; levels 
of the latter are known from surveys made on other occasions.  Using this information it was 
possible to deduce both the elevations of most of the blocks forming the “groyne” and those of 
the sand surface on which the blocks had been placed prior to the cyclone.  A longitudinal section 
of the “groyne” derived from this information is given in Figure 110a.  It shows the profile of the 
underlying sand surface, the location of the various groups of moved blocks, together with high 
and low tide levels on 19 and 20 January 1994 and the bund wall crest elevation.  Figure 110b 
shows the displacement of each block from its original position (Appendix G).  Considering 
evidence from both Figures 108 and 109, blocks 33 to 35 which moved furthest were probably 
located both near where the current was greatest and where groundwater emerged at the base of 
the beach face.  Moreover, Figure 106a indicates that there was a gap between blocks 33 and 34, 
which means that the spigot of block 33 was not fully engaged in the socket of block 34.  Hence 
failure was most likely at this location.  Movement of these blocks, as well as block 42, probably 
occurred at low tide when velocities were large and flow was directed into the boat harbour as 
inferred by the sand streaks in the aerial photographs taken on 29 January 1994 (Figure 108). 
The ground level photographs taken on 13 and 14 January before the cyclone (Figures 107a and 
106b) show sand 100 to 200 mm high piled against the downstream sides of blocks 13 to16 and 
22 to 26.  In contrast blocks 17 to 21 are sitting in a small depression.  Hence it is not surprising 
that the “groyne” failed in this latter area, particularly if there was a wider gap between blocks 17 
and 18. 
The blocks on the beach would have moved at higher water levels approaching 2 m, the high tide 
level during this event.  Under these conditions the flow would have been directed southwards 
across the area behind the boat harbour and under the jetty (similar to Figure 37).  This is 
consistent with the shore-parallel direction of movement indicated on Figure 108. 
Examination of various photographs indicates that most blocks have been rolled over onto their 
side.  A few, blocks 22, 23 and 28, have ended upside down (Appendix G). Some, particularly 
individual blocks which have been displaced a considerable distance, may have rolled several 
times but there is no way of confirming whether this actually happened.  However, sections of 
wall which have been moved as a unit of two or more blocks are unlikely to have rolled more 
than once and are more likely to have been moved by sliding over the sandy surface. 
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5.3.4 Winds, waves and tides at Heron Island during T.C. “Rewa”. 
Tropical Cyclone “Rewa” was an extremely long lived tropical weather system which was active 
in the Coral Sea for 25 days between 28 December 1993 and 21 January 1994.  This system 
reached its lowest central pressure of 920 hPa on 16 and 17 January when it was located about 
157ºE, 19ºN approximately 700 km northeast of Heron Island. 
At about 10:00 on 17 January the southward moving cyclone changed its direction to 
southwestward, accelerating its speed of travel.  Its central pressure started to rise as it turned 
westward heading towards the Queensland coast (Figure 111a).  
By the time it crossed the outer edge of the Great Barrier Reef at 16:00 on 18 January its central 
pressure has risen to 965 hPa and its forward speed was decelerating rapidly.  Then at 04:00 on 19 
January when it was 270 km west of Mackay “Rewa” turned abruptly southward and moved 
down through the Capricorn Channel.  Twenty four hours later “Rewa” turned to the southeast 
and passed about 40 km to the east of Heron Island on the morning of 20 January.  By this time its 
central pressure had risen to 980 hPa (Figure 111a). 
Gourlay and Colleter (2005) have estimated that the largest waves reaching the northern side of 
Heron Reef during T.C. “Rewa” had an offreef significant height of 4.6 m and a peak period of 
9.5 s.  A numerical simulation of waves generated during this cyclone was made by Mason
13
using Hardy et al’s (2000) wave model WAMGBR which had been used previously to derive 
their Atlas of tropical cyclone waves in the Great Barrier Reef (Hardy et al 2003). 
Calculations in the vicinity of Heron Island were made on a 1.5 km grid and wave data for the 
grid square marked with an X on Figure 111b has been selected to represent offreef waves 
breaking on the northern side of Heron Reef. 
From the results of this modelling, time histories of wave height and wave period during the 
passage of T.C. “Rewa” past Heron Island have been plotted on Figure 112, together with 
predicted tide levels and modelled and observed wind speeds and directions.  The modelled and 
observed wind speeds and directions agree quite well but there are some discrepancies between 
the wind speeds calculated at X and those observed at Heron Island. 
                                                     
13 Mason, L., personal communication, 20 Feb 2007.   
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Waves associated with T.C. “Rewa” first reached Heron Island as long swells from the northeast 
during the night of 18 January when the cyclone was still out in the Coral Sea.  These swells 
peaked between 12:00 and 13:40 on 18 January with Hos = 3.4 m and Top ≈ 14.5 s.  At that time, 
local winds at Heron Island were southeasterly and the highest waves occurred just before a neap 
high tide level of 2.2 m.  Both the height and period of the waves decreased as the cyclone 
crossed the outer reefs.  At midday on 19 January just after “Rewa” turned south the waves 
reaching the northern side of Heron Reef were 2.5 m high with period of 10 s.  During the next 12 
hours as “Rewa” moved down the Capricorn Channel, wave heights at Heron Island increased 
rapidly to 4.5 m 40 minutes after midnight on 19/20 January.  They remained at this height for 
three hours before falling rapidly to 1.25 m at 13:00 on 20 January after the cyclone had moved 
south of Heron Reef.  The peak wave period, which was 12 s at midnight, had decreased to 5 s as 
winds had shifted from eastsoutheasterly to southwesterly during this same period.  The three 
hour period of 4.5 m waves coincided with a neap high tide level of 2 m early on 20 January, 
while the significant wave height during the previous low tide of 0.9 m was 3.5 m (Figure 112). 
During the whole two day period from 06:00 on 18 January to 06:00 on 20 January the cyclone-
generated waves were approaching the northern reef-rim from the northeast.  Over 80 mm of rain 
were recorded as “Rewa” passed by Heron Island, 14.2 mm during the 24 hours prior to 09:00 on 
19 January and 67.6 mm during the next 24 hours including the night of 19/20 January. 
5.3.5 Conditions causing movement of blocks 
The timing and magnitudes of block movement are determined by the strength of the reef-top 
wave-generated current and the depth of water at each location along the “groyne”.  The latter are 
influenced by the tide level over the reef-flat and the offreef wave conditions determining the 
wave set-up on the northern reef-rim. 
Offreef wave conditions and tide levels during the passage of T.C. “Rewa” are given on Figure 
112, while wave-generated current velocities calculated for given wave conditions Hos and tide 
levels zo have been plotted on Figure 94.  Conditions likely to cause block movement occurred 
during the 48 hours extending from 06:00 on 18 January to 06:00 on 20 January 1994.  During 
this period Hos ≥ 2.5 m and the local wind direction varied from 140° to 105° and back to 140°.  
High tide levels varied between 2 and 2.2 m and low tides from 0.9 to 1.2 m (Figure 112).  Wave-
generated current velocities V during this period have been deduced using Figure 94 and are 
presented in Table 6.   
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Table 6  Calculated values of wave-generated current V on northern reef flat at 
Heron Island during T.C. “Rewa”, 18 to 20 January 1994.  Data derived 
from Figures 94 and 112 
Day Time 
Hos 
m 
Tp 
s 
T (calc) 
m 
zo
m 
V 
m/s 
18 
19 
20 
06:00 
09:00 
12:00 
15:00 
18:00 
21:00 
00:00 
03:00 
06:00 
09:00 
12:00 
15:00 
18:00 
21:00 
00:00 
03:00 
06:00
2.49 
3.16 
3.39 
3.36 
3.28 
3.18 
3.04 
2.87 
2.73 
2.62 
2.54 
2.63 
2.96 
3.62 
4.40 
4.52 
3.87 
13.35 
14.43 
14.49 
13.81 
13.07 
12.32 
11.61 
11.06 
10.48 
10.2 
10.03 
9.79 
10.10 
10.95 
11.83 
11.79 
11.07 
7.06 
7.95 
8.23 
8.20 
8.10 
7.98 
7.80 
7.58 
7.39 
7.24 
7.13 
7.25 
7.69 
8.51 
9.38 
9.51 
8.80 
1.05 
1.30 
2.15 
1.90 
1.00 
1.00 
1.70 
2.00 
1.35 
1.30 
1.85 
1.95 
1.25 
0.90 
1.50 
2.05 
1.70 
0.70 
0.85 
0.84 
0.87 
0.91 
0.89 
0.79 
0.73 
0.73 
0.71 
0.64 
0.65 
0.80 
0.99 
1.19 
1.13 
1.00 
This data indicates possible reef-top current velocities of ca 0.9 m/s at the low tide at 19:30 on 18 
January and higher velocities of ca 1 m/s on the low tide at 20:00 on 19 January.  Even higher 
velocities ca 1.2 m/s are indicated as the tide rose above mid tide level at 00:00 on 20 January and 
these remain over 1 m/s until 06:00.  After this time the offreef wave heights decrease rapidly as 
the cyclone moves in a southeastward direction past the island and the local winds swing rapidly 
to southwesterly.   
Hence movement of blocks 33 to 35 may have occurred during the low tide at about 20:00 on 18 
January when the current probably reached ca 0.9 m/s.  However, it is less likely that blocks 
higher up the beach moved on that day, since current velocities at higher tide levels would have 
been less that 0.9 m/s.  If blocks 33 to 35 did not move during this day, they certainly did so 
during the low tide on the evening of 19 January when current velocities would have been about 1 
m/s.  Movement of the other blocks then would have occurred progressively as the tide rose 
above mid tide level and reached high tide at about 0:300 on 20 January. Current velocities during 
this period are estimated to have been 1.1 to 1.2 m/s. 
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Figure 106 Aerial photograph of western end of Heron Island,  
 14 October 1993 
 sand surface levels (Reader 1992) superimposed 
2
6
9
(a) 13 January 1994 (photograph P. Nielsen) (b) 26 January 1994 (photograph M.R. Gourlay) 
 Figure 107 The concrete block “groyne” at the western end of Heron Island  
  (a) before and (b) after T.C. “Rewa”
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Figure 108 Concrete block “groyne” at western end of Heron Island 
  Movement of blocks during Tropical Cyclone “Rewa” (19 – 20 January 1994) 
  as derived from aerial photographs 14 October 1993 and 29 January 1994
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(a) 14 January 1994 (photograph J.L.F. Hacker) 
(b) 14 January 1994 (photograph J.L.F.Hacker) 
Figure 109 The concrete block “groyne” at the western end of Heron 
Island before T.C. “Rewa”
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Figure 110 Section along concrete block “groyne” at Heron Island and displacement of blocks 
 during TC “Rewa” 
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Figure 111 (a) Track of T.C. “Rewa” 17 to 21 January 1994 
 Central pressures at 6 hourly intervals, beginning 10:00 AEST (00:00 
UTC) on 17 January 1994 
Figure 111 (b) Computed offreef wave heights, Hos, in vicinity of 
Heron Reef at 02:00 on 20 January 1994 
indicates location for computed wave/wind data plotted on Figure  111 
   Figure 112 Time histories of (a) predicted tide level, (b) modeled wave height and period,
(c) modeled (at X, Figure 111) and observed (at AWS, Figure 2) wind speed and direction 
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5.4 Sedimentation in Boat Harbour during T.C.s “Fran” and “Rewa” 
During the enlargement of the boat harbour in late 1987, large amounts of silt were dispersed over 
the southern reef-flat.  This material originated both from the excavation and dredging operations 
and from an unsatisfactory settling pond located on the beach south of the helipad.  As the work 
progressed, the settling pond was filled in and became a spoil dump reclaiming part of the 
foreshore and moving the beach alignment seaward.  Erosion of the spoil dump by waves during 
subsequent years produced diminishing amounts of silt which was eventually removed from both 
the reef-flat and the boat harbour by storms and cyclones (Gourlay and Jell 1993).  At the same 
time wave-generated currents transported coarser sediments from the beach and reef-flat into the 
boat harbour.  The most significant occasion when this would have occurred before the 
construction of the bund walls in late 1993 – early 1994 was during T.C. “Fran” in March 1992.14
Tropical Cyclone “Fran” developed near Vanuatu on 9 March 1992.  It then moved westwards 
along latitude 20
o 
S, passing just north of New Caledonia on 10 March, intensifying as it went 
further westward across the Coral Sea..  By 12 March, it had deepened to become a Category 4 
tropical cyclone with a central pressure of 950 hPa but by 22:00 on 14 March, when it was 
located approximately 140 km northeast of Frederick Reef, it stalled and weakened to a Category 
1 to 2.  It then continued to move towards the Queensland coast, taking a more southwestward 
course, and passed approximately 30 km to the east of Heron Island on the evening of 15 March. 
As the cyclone was approaching the island, southeasterly winds gradually increased from 7.5 m/s 
to 10 m/s on 9 March to more than 20 m/s on 15 March.  Initially there were neap tides, but by 15 
March the early morning high tide had a predicted tide level of nearly 3 m.  On that day, winds 
exceeded 20 m/s from the southeast, peaking at 23 m/s between midday and 15:00 when the tide 
was low.  During the evening of 15 March, the eye of the cyclone passed 30 km east of Heron 
Island and the winds dropped to less than 10 m/s, swinging round, first to the east and then 
backing round to westnorthwest.  On the morning of 16 March, when the predicted high tide level 
was about 3 m, the wind strengthened to more than 18 m/s, but this time from the west.  The 
cyclone then moved onshore, crossing the coast near Bundaberg, and the winds rapidly decreased 
in strength, even though the cyclone subsequently moved offshore again.  
During the period when the cyclone was approaching Heron Island, the water on the reef-flat 
became very cloudy as sediment was stirred up by breaking waves in the comparatively low water 
                                                     
14 The description of T.C. “Fran” and its impact comes from Gourlay and Jell (1993, part 2).  Subsequent information 
about sedimentation during T.C. “Rewa” comes from an unpublished report to the Great Barrier Reef Marine Park 
Authority (Gourlay and Jell 1996). 
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depths during neap tides.  As the wind and wave direction was from the southeast during this 
time, the spoil dump beach was protected from the full force of any wave attack due to its 
location.  After the cyclone had passed Heron Island, the spoil dump became more vulnerable.  
The wind had backed round to a westerly direction and the levels of the high tides had increased.  
This combination led to substantial erosion at the jetty and below the helipad releasing 
considerable quantities of silt onto the reef-flat.
The boat harbour was surveyed on 4 December 1994 by John Reader and Associates for P & O 
Resorts in preparation for excavation of sediment deposits which had accumulated since the 
harbour was enlarged in 1987.  John Reader and Associates also had surveyed the boat harbour 
previously on 5 November 1987, following completion of the harbour enlargement work.  
Comparison of these two surveys indicated that deposition had occurred generally along the sides 
of the boat harbour, whereas erosion had occurred on the harbour bottom.  Calculation of the 
quantities of sediment deposited and eroded during this period (Table 7) gave 2 500 m
3
 gross 
deposition and 1 560 m
3
 gross erosion, resulting in a net accretion of 940 m
3
. 
Table 7  Sedimentation in Heron Island boat harbour –  
November 1987 to December 1994 
Entrance Channel Mooring Basin Total 
North 
m
3
South 
m
3
North 
m
3
South 
m
3
m
3
Deposition 300 300    1 240 660     2 500 
Erosion 530 370 240 420     1 560 
Net 
deposition 
-230 -70    1 000 240        940 
During this period there would have been deposition of sediments derived from the reef-flat and 
the rubble mounds on either side of the boat harbour.  Substantial gullies developed through these 
rubble mounds allowing water ponded on the reef-top to flow out into the boat harbour during ebb 
tides, particularly low spring tides.  Sediments would have been transported across the reef-top 
during episodes of rough weather or heavy swells and into the boat harbour through the gullies.  
The deepening of the harbour and erosion of the bottom sediments is discussed in Section 5.5. 
A significant contribution to the deposition within the boat harbour was made during Tropical 
Cyclone “Rewa” in January 1994.  This cyclone occurred during a period of neap tides and there 
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was virtually no observable impact on Heron Island’s beaches.  However, evidence gained from 
photographs taken before and after the cyclone (Section 5.3) has shown that significant 
southwestward currents occurred and that these currents moved at least 250 m
3
 of sediment into 
the northeastern corner of the boat harbour.  Moreover about 30 concrete blocks, each of 1.1 to 
1.2 tonnes mass, were moved distances up to almost 9 m in the same general southwestward 
direction (Section 5.3). 
Following T.C. “Rewa”, samples were collected from the bottom of the harbour and its entrance 
channel in April 1994, with additional samples from the reef slope seaward of the wreck in 
November 1994 and a bulk sample from the deposit in the northeastern corner of the boat harbour 
in January 1995. 
This sampling showed that the material deposited along the sides of the boat harbour was a 
mixture of sand (60% - 80%) and rubble (20% - 40%) with less than 2% mud
15
.  The rubble in the 
northeastern corner was generally less than 50 mm in diameter whereas some rubble along the 
sides of the entrance channel was as large as 800 mm.  Generally the sediments deposited along 
the sides of the boat harbour had a much higher rubble content than normal reef-top and cay 
sediments. 
The bottom sediment samples from the mooring basin and inner part of the entrance channel 
contained substantial quantities of mud, whereas sediments from the outer part of the channel 
were high in rubble and low in mud which would have been removed by outflowing tidal 
currents.  Rubble on the channel bottom was material left from the 1987 dredging work.  The 
sediment in the fan seaward of the entrance channel was predominantly sand. 
5.5 Removal of Sediments from Boat Harbour during T.C. “Justin” 
In March 1997, Tropical Cyclone “Justin” generated waves which broke on the southern reef-rim 
of Heron Reef for a sustained period, thus generating continuing wave-generated currents flowing 
into the boat harbour (Section 3.2.3).  A gully developed under the jetty and the water flowing 
through it deposited sediment in the southeastern corner of the mooring basin.  Erosion of the 
spoil dump beach may also have contributed to the deposited sediment.  Following this event 
there were very pronounced sediment plumes when the catamaran “Reef Adventurer” entered and 
left the harbour, particularly if this occurred at low to mid tide water levels.  Hydrographic 
surveys were made of the boat harbour in October 1996 and May 1997 and these indicated that a 
                                                     
15  Sediment sizes are defined as follows:- rubble > 2 mm, sand 2 mm to 0.06 mm and mud (silt and clay) < 0.06 mm. 
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net volume of 150 m
3
 of sediment had been deposited in the landward portion of the mooring 
basin, mainly in the area near the gully (Table 8, H2 + H3).
16
Table 8  Erosion and deposition in mooring basin  
– October 1996 to May 1997 (see Figure 113) 
Area Erosion 
Volume 
m
3 
Deposition 
Volume 
m
3
Net 
Volume 
m
3
H1 249 144 -106 
H2 64 77 14 
H3 40 177 137 
H4 273 168 -105 
Whole mooring 
basin 
626 566 -60 
However, there was a net loss of 60
3
 sediment from the mooring basin during this period, 
indicating that flows through the harbour on the outgoing tide must have been strong enough to 
move sediment.  The fact that the catamaran stirs up much sediment during each daily visit, 
particularly when that coincides with low spring tides, must also contribute to the loss of material 
from the boat harbour. 
If, as it appears, sediment is being transported through the boat harbour entrance channel, 
particularly during stormy events, it is probable that the total amount of sediment passing through 
the harbour during this period was significantly greater than the net loss of 60 m
3
. 
In August 1997, the survey of the boat harbour was extended to include the entrance channel, the 
reef-rim and the adjacent floor of Wistari Channel (Figure 114).  This survey revealed the 
existence of a hole in the bottom of the mooring basin where the catamaran stirs up the bottom 
sediments and also a sand deposit “hump” in Wistari Channel, just seaward of the boat harbour 
entrance.  Comparison of this survey with John Reader and Associates’ survey of 1987, made 
immediately after the harbour enlargement project was completed, indicates that the entrance 
channel had deepened by amounts varying between 0.2 and 0.5 m during this ten year period. 
                                                     
16 The material presented in Section 5.5 comes from various unpublished reports submitted by the authors to the Great 
Barrier Reef Marine Park Authority in 1997 and to the Cooperative Centre for Sustainable Tourism from 1998 to 2000. 
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Three months later, a survey in November 1997 showed a considerable reduction (2 m) in the 
height of the “hump” seaward of the boat harbour entrance (Figure 115).  Sand samples from the 
“hump” indicated that it was formed of medium to coarse sand, very similar in appearance to 
Heron Island beach sand, but with no rubble present.  The strong tidal currents observed in the 
region of the “hump” during spring tides and the presence of ripples on its sandy surface, both 
suggested the occurrence of active sediment transport there. 
A subsequent survey in October 1998, eleven months later, showed that the “hump” had lost a 
further 0.4 m in height (Figure 115).  Volume calculations from an area 105 m x 75 m on the 
bottom of Wistari Channel in front of the boat harbour entrance and including the “hump” (see 
Figure 113) show that the rate of sand loss from this area had diminished rapidly (Table 9).  
Between August and November 1997, the average loss per month was 750 m
3
, but during the 
following eleven months to October 1998, this rate had reduced to 96 m
3
 per month.  This 
suggests that the amount of sand actually transported out through the boat harbour entrance 
channel during and after T.C. “Justin”, i.e. between March and August 1997, could have been 
considerably more than the 3 300 m
3
 removed from the “hump” area between August 1997 and 
October 1998.  Changes in the level of the bottom of the boat harbour during the same period 
(August 1997 to October 1998) were only minor. 
Assuming that the rate of removal of sediment from the “hump” during the five months from 
March to August 1997 was the same as it was during the three months from August to November, 
i.e. 750 m3 per month, then the total amount of sediment removed from the reef-top by currents 
generated during T.C. “Justin” would have been at least 6 000 m 3.  In fact, as discussed above, it 
was probably greater than this, and the total amount of sediment lost during T.C. “Justin” could 
well have been of the order of 10 000 m 
3
. 
The May 1999 survey showed sedimentation of 0.2 to 0.3 m in the boat harbour entrance channel 
and some accretion at the base of the reef face seaward of the harbour entrance.  However, the 
height of the “hump” was virtually unchanged.  In July 1999, there was a period of strong 
southeasterly weather and sediment was deposited in both the mooring basin and the outer part of 
the entrance channel.  The depth of this latter deposit was about 0.4 m when surveyed in October 
1999.  The “hump” had redeveloped with a height of 0.6 m above the bottom level existing 
twelve months previously and the trough between the reef face and the “hump” had deepened by 
a similar amount. 
280 
Table 9  Comparison of volume changes in “hump”  
 – August 1997, November 1997 and October 1998 (see Figure 113) 
Period Total 
Area 
m
2 
Area 
eroded 
m
2
Area 
accreted 
m
2
Volume 
sediment 
lost 
m
3 
Volume 
sediment 
gained 
m
3
Net loss 
of 
sediment
m
3
Average 
Rate of loss 
m
3
/month 
Aug – 
Nov 97 
7 875 4 648 3 219 3 178 931 2 246 750 
Nov 97 – 
Oct 98 
7 875 5 302 2 566 1 475 415 1 059 96 
Eight months later, in June 2000, a new survey showed that most of the material deposited in the 
boat harbour entrance channel between July and October 1999 had been removed and the “hump” 
reduced in height by about 1.3 m, indicating erosion of the area seaward of the boat harbour 
entrance. 
A contour plan, based on the June 2000 survey (Figure 116), indicates the presence of a deposit 
extending along the base of the reef-face for at least 500 m in the southeastward direction.  It is 
160 m wide opposite the harbour entrance and maintains this width for at least 250 m along the 
reef-face.  A rough calculation of the volume of this deposit gives a volume of 255 000 m
3
. 
Since 1945, various works have been carried out to improve access facilities to the island 
(Gourlay 1995).  These modifications to the reef-top have resulted in the concentration of the ebb-
tide currents, initially over the reef-rim at this location; then, following dredging of the boat 
harbour and channel in 1967, out through the boat channel. 
It is reasonable to assume that the deposit of approximately 255 000 m
3
 represents the amount of 
sand that has been lost from the reef-flat and the island’s beaches since access improvements 
were first undertaken in 1945.  The corresponding average annual loss of sand since 1945 is 4 000 
to 5 000 m
3
.  However, volumes measured in 1997 and 1998 (Table 9) show that the loss may be 
as little as 1 000 m
3
 per year.  The actual process is episodic and depends upon the occurrence of 
tropical cyclones and other severe weather events which have the capacity to move large 
quantities of sand in a short period of time. 
. 
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Figure 113  Location of long-section and areas for volume calculations 
 Heron Island boat harbour and entrance channel 
(bottom contours – LWDatum – from October 1998 survey) 
2
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Figure 114 Comparison of 1987 and 1997 long-sections and cross-sections at selected locations along  
the boat harbour channel.  Nov 1987 solid line; May/Aug 1997 dashed line.
  Positions of cross-sections are indicated on the long-section.  South is on the left-hand side of cross-sections 
2
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Figure 115 Long-section of boat harbour and entrance channel showing changes in “hump” and  
infilling at inner edge 
2
8
4
Figure 116 Contour map of Heron Island boat harbour and adjacent portion of Wistari Channel with 
location of long-section – June 2000
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5.6 Summary 
Sediment is transported from the reef-flat adjoining Heron Island into the boat harbour by wave-
generated currents during storms, heavy swells and tropical cyclones.  The harbour was infilled 
by sediments on two early occasions – by T.C. “Dinah” (Jan 1967) before it was completed and 
five years later by T.C. “Emily” (May 1972).  On both occasions, dredging was required to 
remove the sediment from the harbour and the loose coral mounds around it were repaired. 
Significant damage and sedimentation again occurred when T.C.”David”, moving westward, 
passed 200 km to the north of the island in January 1976.  On this occasion, onsite eye-witness 
observations, sedimentological analysis of changes in reef-top sediment distribution patterns, 
cyclonic wave hindcasting and wave-generated current theory provided an understanding of the 
sedimentation process.  Three metre swells, breaking on the southern reef-rim for at least two 
days, followed by larger cyclonic waves at a low spring tide deposited coarse coral rubble onto 
the reef-rim and generated a (north)westward current on the southern reef-flat which transported 
sand into the boat harbour.  Fine sediments were removed from the reef-top. 
In January 1994, T.C. “Rewa”, moving southward, passed to the east of Heron Island.  Waves 
breaking on the northern reef-rim generated a southwestward current which flowed across the 
northern reef-flat and into the boat harbour.  About thirty 1.1 t concrete blocks of a total of fifty-
four forming a temporary “groyne” obstructing this flow were moved various distances up to a 
maximum of almost 9 m. Sand also was deposited in the boat harbour.  Analysis of photographs 
taken before and after this event, together with cyclonic wave and current predicitions for T.C. 
“Rewa” and predicted tide levels at Heron Island, enabled the conditions causing movement of 
these blocks to be determined. 
Movement of the blocks depends upon the height of the tide and the magnitude of the wave-
generated current.  The tide height determines the water depth at the location of each block and 
also influences the magnitude of the current.  For the neap tides occurring during this event wave-
generated currents varied between 0.65 and 1.2 m/s over a period of two days.  Blocks at the base 
of the beach were the first to move in a southwestward direction on the reef-flat during the 
evening low tide on either 18 or 19 January.  Subsequently, blocks higher up the beach face and 
closer to the shore moved in a southward/southsouthwestward direction during the rising tide 
early on 20 January when the wave-generated current approached its maximum of 1.2 m/s. 
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Stability of blocks on the lower beach face would have been affected at low tide by increased 
seepage resulting from rainfall during the passage of the cyclone.  Initial movement of blocks also 
appears to have been influenced by variations in placement of blocks and the sand levels close to 
them.   
Various hydrographic surveys of the boat harbour and adjoining portions of Wistari Channel 
between November 1987 and June 2000, particularly before and after T.C. “Justin” in March 
1997, reveal a pattern of sand and rubble accretion along the sides of the mooring basin and inner 
entrance channel during storms and tropical cyclones.  Initially, some muddy accretion occurs on 
the bottom of the mooring basin, but the bottom of the outer entrance channel is eroded.  Sand is 
deposited in a “hump” at the base of the reef-face immediately in front of the seaward end of the 
entrance channel. 
Following a tropical cyclone or storm, the mooring basin deepens as the “Reef Adventurer” stirs 
up sediments, particularly when the vessel arrives and departs at low spring tides.  The finer 
fractions of the disturbed sediments are removed by seaward flowing ebb tide currents.  At the 
same time, southeastward ebb tide currents in Wistari Channel transport sand from the “hump”, 
rapidly reducing its height and increasing the size and extent of a large sand deposit extending 
along the base of the reef-face for at least 500 m southeastward from the harbour entrance.  Over 
250 000 m
3
 of sand have accumulated in this sand deposit since 1945 when reef-top ebb tide 
currents were concentrated at this location by the blasting of a gap in the reef-rim.  The 
corresponding average annual loss of sand from the reef-flat and the island’s beaches is 4 000 to 
5 000 m
3
.  The amount of sand lost from the reef-top during any storm event generally will be 
significantly greater than the amount deposited in the mooring basin.  T.C. “Justin” probably 
removed at least 6 000 m
3
 from the reef-top adjoining Heron Island. 
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6 REVIEW AND CONCLUSIONS 
(i) Offreef waves and reef-top currents at the western end of Heron Reef were measured 
over a fourteen month period during 1996-1997.  The purpose of these measurements 
was to explain the processes which cause sediment to be transported from the reef-flat 
and the island’s beaches into the boat harbour, out though its entrance channel and 
thus ultimately off the reef platform. 
(ii) Various analyses have been made of the data obtained during this period.  They 
include 
− the characteristics of reef-top currents under mild conditions, including the 
influence of the bund walls upon reef-top tide levels and the influence of tidal 
asymmetry upon the duration of bund wall control;  
− the characteristics of reef-top currents during various meteorological events; 
− the influence of waves upon reef-top currents including comparison of calculated 
and measured current velocities for selected conditions/events; 
− reef-top sediment transport and boat harbour sedimentation during various 
tropical cyclones. 
(iii) Mild conditions (W < 5 m/s, Hos < 0.5 m), when reef-top currents are predominantly 
caused by tidal action, do not occur very often in the vicinity of Heron Reef. Calm 
conditions with no wind are rare and some wave action (low swell) is almost always 
present.  Of the total of 685 tidal cycles during the period of analysis (17 March 1996 
to 18 March 1997) only 45 cycles (7%) could be identified as occurring during mild 
conditions. 
(iv) The speed and direction of reef-top tidal currents depend upon the water level 
differences caused when the tidal wave propagates around the reef platform.  As the 
tide level falls below mean sea level, the physical topography of the reef-top has an 
increasing influence upon the currents and channel type control of the flow on the 
reef-top changes to weir control at the reef-rim and eventually at the bund walls on 
either side of the boat harbour. 
(v) Tidal current velocities on the reef-flat on either side of the island increase with 
increasing tidal range under reef-top control, when tidal ranges are greater than 1.4 m.  
They reach a maximum ebb velocity of 0.2 to 0.3 m/s when reef-top control changes 
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to reef-rim control.  For small tides (ranges < 1.4 m) tidal flow patterns are difficult to 
define because of the influence of wind and waves and also tidal asymmetry effects. 
(vi) Southeasterly winds/waves reverse the incoming eastsoutheastward flood tide on the 
southern side of the island.  Northeasterly winds/waves reverse the incoming 
northeastward flood tide on the northern side of the island.  In some cases, when 
winds blow along the longitudinal axis of the island and waves are sufficiently large, 
westward currents occur along both sides of the island.  When waves are sufficiently 
large, continuous inflow into the boat harbour occurs throughout the tidal cycle.  For 
larger waves and small tides the westward wave-generated flow varies with the waves 
rather than the tide.  For large tides and smaller waves the strength of the westward 
wave-generated flow varies with the tidal cycle and the maximum current velocity 
occurs when weir control develops over the bund walls.  
(vii) Theoretical analysis of waves breaking on the rim of a coral reef (Gourlay and 
Colleter 2005) shows that the resulting wave set-up causes a surface gradient which 
generates a flow across the reef-top from the exposed side of the reef to the sheltered 
side.  Application of this theory to the northern reef-flat at Heron Island shows that 
the current velocity, V, varies with both the offreef wave height, Hos, and the tide 
level, zo. 
There are two limiting conditions for wave-generated currents on a reef-top.  These 
vary with the tidal range, R, as follows 
− firstly, small waves pass over the reef-rim without breaking 
 Hos = C1 + C2R (A) 
 where C1 is proportional to the depth of the reef-rim below mean sea level; 
     and C2 is a function of the asymmetry parameter, A. 
− secondly, wave-generated currents completely reverse the opposing tidal flow 
  Hos = C3R (B) 
  where C3 varies with tidal asymmetry, half tidal period, offreef wave period 
and various other reef-top parameters influencing the strength of the wave-
generated flow. 
Tidally dominant (mild) conditions occur when Hos is less than the value calculated by 
equation A, whereas wave dominated conditions occur when Hos is greater than the 
value calculated by equation B.  The values of Hos and R for complete reversal 
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derived from equation B are consistent with those obtained from the earlier analysis 
(Gourlay and Hacker 2008a). 
(viii) When reef-top control occurs, tidal and wave-generated currents can be linearly 
superimposed but this is not valid on the falling stages of larger tides as reef-rim 
control is approached.  Measured wave-generated currents generally agree well with 
calculated values under moderate wave conditions (1 m  Hos < 1.5 m).  For storm 
conditions (2 m  Hos < 3 m) measured velocities are less than calculated values 
because there is insufficient time during the changing tide levels for the breaking 
waves to develop the equivalent steady state set-up. 
Gourlay and Colleter’s theory predicts that V increases with increasing Hos and 
decreasing reef-top water depth, hr.  The current measurements on Heron Reef confirm 
the general trend of this prediction. 
Direct comparison of measured and calculated wave-generated current velocities at the 
northern current meter when the tidal current is zero (1.6 m < zo < 1.8 m on rising tide 
and 1.4 m < zo < 1.6 m on falling tide) gives a relationship of the form 
  V = C (Hos – Hoscr) 
 where Hoscr  0.3 to 0.5 m is the threshold condition for a wave-generated current 
and the constant C is independent of tidal range. 
(ix) Prior to the construction of the bund walls, the boat harbour was filled with sand on at 
least three occasions by T.C.s “Dinah” (1967), “Emily” (1972) and “David” (1976).  
T.C. “David”, passing north of Heron Island during large spring tides, and associated 
southeasterly swells generated westward wave-generated currents on the southern 
reef-flat, filling the boat harbour with sediments.
During construction of the bund walls, T.C. “Rewa” (January 1994), coming from the 
north and passing to the east of the island during neap tides, generated a 
southwestward current up to 1.2 m/s on the northern reef-flat which moved 1.1 t 
concrete blocks up to 9 m from their original location and also deposited sand in the 
boat harbour. 
(x) Hydrographic surveys of the boat harbour and adjoining offreef areas since T.C. 
“Justin” (March 1997) show that sediment is deposited along the sides of the mooring 
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basin and inner entrance channel during storms and cyclones.  The enhanced outflow 
through the boat harbour during these events erodes the bottom of the outer entrance 
channel and, during normal conditions, the catamaran “Reef Adventurer” stirs up 
sediments on the bottom of the mooring basin.  These are then removed seawards by 
the out going ebb tide.  Sand is deposited in a hump at the base of the reef-face at the 
seaward end of the harbour entrance channel.  The southeastward ebb current in 
Wistari Channel rapidly lowers the hump and deposits the sand from it in a long shoal 
further along the base of the reef-face to the southeast of the harbour entrance. 
The amount of sand removed from the reef-top during a storm or cyclone is much 
greater than the amount deposited in the boat harbour.  A rough estimate of the 
volume of sand deposited along the bottom of the reef-face since 1945, when an 
opening was blasted in the reef-rim at this location, is 250 000 m 
3
.  This is equivalent 
to 4 000 to 5 000 m
3
/a.  A conservative extrapolation of the amount of sand removed 
from the hump in front of the boat channel entrance after T.C. “Justin” suggests that at 
least 6 000 m 
3
 of sand from the reef-flat was deposited there during this event. 
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APPENDIX A - Tidal Planes at Heron Island 
Standard Port Gladstone
Tidal Plane 
Elevation above LAT 
m 
Elevation above LWD 
m 
HAT 3.20 3.28 
MHWS 2.65 2.73 
MHWN 2.08 2.16 
ML 1.44 1.52 
MLWN 0.98 1.06 
MLWS 0.39 0.47 
LAT 0.00 0.08 
Av. time difference. 
Ratio = 0.70 
     HW = - 43 min       LW = - 38 min 
Source Queensland Department of Transport (1997) 
Present hydrographic practice is to use Lowest Astronomical Tide (LAT) as the tidal datum.  
However, Low Water Datum (LWD) at Heron Island was established by Department of Harbours 
and Marine surveyors in the 1960s and has been used in engineering surveys for the boat harbour 
and associated infrastructure.  For this reason it has been adopted as the tidal datum for the 
research described in this report. 
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APPENDIX B - Definitions of Symbols 
Some minor symbols of local significance in text may not be listed here. 
See also notes about subscripts and superscripts, times and velocities at the end of this list. 
A dimensionless tidal asymmetry parameter (= (zH – zmsl)/(zmsl – zL)) (-) 
Bb length of bund wall over which inflow/outflow occurs (m) 
Brr length of reef rim over which inflow/outflow occurs (m) 
C empirical constant in relationship between v and Hos (equation 44) (s
-1
) 
C1, C2, C3 parameters in equations 40a & b determining threshold and reversal 
conditions for reef-top currents (m, -, -) 
Cc contraction coefficient ( ratio of inflow width to outflow width (-) 
Cf1, Cf2 empirical constants in equation 9 for maximum ebb tide velocity over bund 
wall during reef-rim control (-) 
Cr1 reef-top parameter in equation 22 (= 0.3455 (Kp / f)
1/2
 g
3/4
 / Lr
1/2
) (m
1/4
 / s
3/2
) 
Cr2 reef-rim constant in equations 23 & 24 (= 0.5443 CD) (-) 
CD weir crest shape factor (-) 
d water depth in wave-generated flow (= r  +hr ) (m) 
E specific energy of open channel flow (= h + v
2
/2g) (m) 
Ec minimum specific energy (m) 
f reef-top friction factor (-) 
F reef-top resistance parameter (= f Lr/8Ho) (-) 
g gravitational acceleration (m/s
2
) 
h height (head) of water above weir crest (m) 
hc critical depth in open channel flow (m) 
hf friction head loss (m) 
hr water depth over reef-rim or reef-top, excluding wave or wind set-up (m) 
Ho offreef regular wave height (m) 
Horms offreef root mean square wave height ( Ho) (m) 
Hos (or Hs) offreef significant wave height (√2 Horms) (m) 
Ht transmitted wave height on reef-top (m) 
HBP offreef significant wave height at Blue Pools site (m) 
HWis offreef significant wave height at Wistari Channel site (m) 
K constant in wind set-up formula (equation 3) (-) 
Kp reef profile factor (-) 
Lr width of reef-top in direction of flow (m) 
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q unit flow, i.e. discharge per unit length of weir, bund wall, reef-rim etc 
(m
2
/s) 
Qw wave-generated flow (m
3
) 
QT tidal flow (m
3
) 
Q* dimensionless wave-generated flow (=
3
ogHq/ ) (-) 
R tidal range (= zH – zL) (m) 
R
2
 correlation coefficient  
S dimensionless submergence of reef-top (=
o
rr
H
h +
) (-) 
t time (s) 
tb1, tb2 times when ocean water level zo  (i)  fell to level of bund wall crest (zb) and 
(ii) rose again to zb (s) 
tmsl time when ocean water level zo fell to mean sea level zmsl (s) 
T half-tidal period, i.e. time interval between zL1 and zH or zH and zL2 (s) 
T1 time interval during which ocean tide level fell from zmsl to zb (s) 
T2 time interval for which ocean tide level was below bund wall level (s) 
T3 total time elapsed between ocean tide level falling below zmsl and 
subsequently rising above zb (= T1 + T2) (s) 
To offreef regular wave period (s) 
Tp period corresponding to peak of an ocean wave energy density spectrum (s) 
v current velocity or speed (m/s) 
(measured close to reef-top by S4 current meter) 
v1, v2, v3, v4 current speeds during various phases of tidal cycle (m/s)  
(see Section 2.5.2 and Figure 22) 
vb velocity over bund wall crest (m/s) 
vr velocity over reef-top (m/s) 
V wave-generated current velocity (m/s) 
(depth averaged velocity) 
V1, V2, V3, V4 maximum current speeds during various phases of tidal cycle (m/s) 
(see Section 2.5.3 and Figure 22) 
V* dimensionless wave-generated current velocity (= ogHV/ ) (-) 
W wind speed (m/s) 
z elevation relative to tidal datum (LWD) (m) 
zb elevation of bund wall crest (= 0.86 m) 
z 1
b
elevation of ocean low tide below which bund wall control of reef-top water 
levels occurs ( > zb) (m) 
zc elevation of weir crest (m) 
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zmsl elevation of mean sea level ( = 1.52 m) 
zo elevation of ocean tide (also referred to as ocean tide level) (m) 
zoc critical ocean tide level at which bund wall control begins (m) 
zor actual elevation of tide measured at current meter site (m) 
zr elevation of reef-top locally (m) 
zrr elevation of reef-rim (m) 
zw reef-top water level including wind set-up (Figure 13) (m) 
zw wind set-up on reef-top (Figure 13) (m) 
zH elevation of high tide (m) 
zL elevation of low tide (m) 
zL1, zL2 elevations of low tides preceding and following high tide (m) 
Z elevation of reef-top water level including wave set-up (= r  + hr + zr) (m) 
r wave set-up on reef-top (m) 
c direction towards which current flows 
w direction from which wind blows 
  
Subscripts and superscripts 
Hoscr, HBPcr, HWiscr, Rcr - critical values of these quantities as defined in text 
Af, Rf, Tf - falling tide values of these quantities 
Ar, Rr, Tr – rising tide values of these quantities 
A
1
f , A
1
r , R
1
f , R
1
r  - observed values of these quantities ( = predicted tide values + tidal anomaly) 
N.B. The subscript r when associated with variables other than A, R and T refers to quantities 
associated with the reef. 
Times 
All times in this report refer to a 24 hour clock and are quoted in the form 15:30 where 15 is 
hours and 30 is minutes. 
Velocities 
Some figures plot both measured (v) and calculated (V) velocities on the same axis.  In these 
situations the axis is labelled with either v or V – not both symbols.  In other figures, v and zo are 
designated as “speed” and “tide level” respectively. 
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APPENDIX C - Calibration Changes for Southern Current Meter 
During the preparation of this report it was established that certain inconsistencies in velocities 
measured by the southern current meter noted previously in Gourlay and Hacker (2002, Section 
3.4) might be caused in part by changes in calibration of this instrument during its operation. 
Examination of the Instrument Technicians’ reports for each redeployment revealed notes at the 
end of the first two deployments concerning the teflon coating on the southern current meter’s 
sensors starting to lift off.  No subsequent notes were made but it appears that these coatings may 
have become detached from one or more sensors, thus allowing a build up of contaminants on the 
sensors, particularly during the warmer summer months, and hence a reduction in the magnitudes 
of the measured velocities at the end of each deployment period compared with those at its 
beginning.   
In Section 2.4.3 an analysis of the magnitudes of the maximum ebb velocities under mild 
conditions shows that, when weir control occurs over the bund walls (Figures 29 and 33), this 
maximum velocity is essentially independent of the tidal range for medium and large tides (R > 
1.4 m) and in fact depends only upon the head of water over the bund wall (Section 2.4.4, 
equation 17).  While the head of water over the bund wall is affected by both wind and waves, 
deployment changes generally were made under mild conditions and, provided tides fell below 
the bund wall crest, the maximum ebb velocities should be more or less constant.  Hence average 
values of the six maximum ebb velocities at both the beginning and end of each deployment 
period were determined to obtain a rough estimate of how the calibration change resulting from 
the possible loss of the teflon coating might have affected the instrument’s readings.  The results 
are given in Table C1. 
Calibration changes were relatively low during the first six months of the measurement period, 
varying from ca 4 to 16% over four deployments.  During the second six months changes were up 
to 25 to 33% in two deployments which have initial readings similar to those during the first six 
months.  The last deployment occurred when waves at Wistari were significant and it is not 
surprising that the maximum ebb velocities were larger than previously since it would be 
expected that wave-generated flows would augment tidal flows and increase the head over the 
bund wall.  Tidal ranges at the end of the last deployment were small (R < 1.4 m) so maximum 
ebb velocities would have varied with tidal range and therefore are not considered in this analysis. 
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Table C1 Deployment Periods for Current Meters and Calibration Changes 
for Southern Current Meter 
Deployment periods Mean maximum 
ebb velocity at 
southern current 
meter 
m/s 
% reduction in 
velocity 100
V
V
1
1
2








−
% 
Data analysis periods 
17 March 
  to 16 April 1996 
 30 days 
0.269 
0.251 6.8 
17 March 1996 
30 June 1996 
17 April 
  to 29 May 1996 
 42 days 
0.236 
0.226 4.4 
30 May 
  to 16 July 1996 
 47 days 
0.250 
0.210 
(11.0) 
16.1 
1 July 1996 
31 October 1996 
17 July 
  to 27 August 1996 
 41 days 
0.262 
0.252 3.8 
28 August 
  to 15 October 1996 
 47 days 
0.331 
0.301 9.1 
16 October 
  to 26 November 1996 
 41 days 
0.264 
0.174 34.1 
1 November 1996 
18 March 1996 
27 November 1996 
  to 21 January 1997 
 55 days 
0.273 
0.204 25.3 
22 January 
 to 18 March 1997 
 55 days 
0.350 

? 
19 March 
 to 13 May 1997 
(Southern current meter 
only) 55 days 
   
No analysis  
Significantly higher maximum ebb velocities occurred during the fifth deployment, although the 
calibration change was only 9%.  In the previous report (Gourlay and Hacker 2008a, Section 
7.3.2) it was found that winds from the sector 240° → 360° → 80° were more common during the 
second analysis period and it was deduced that these winds and their accompanying waves would 
tend to create a clockwise water circulation around Heron Island which would increase the flow 
approaching the southern bund wall prior to weir control developing.  The head over the weir and 
the tide level at which weir control commenced then would be higher and their associated current 
velocities larger than they otherwise might have been. 
APPENDIX D Experimental Data for Selected Tidal Cycles
during Mild Conditions
a) Northern current meter
Time at ZH Rr Rf Rf' Tr     Tf    Ar Af Af' V1 V2 V3 V4
m m m h:min h:min m/s m/s m/s m/s
1996/03/17 19:16 2.47 2.47 2.43 5:50 6:20 1.06 1.06 1.03 0.29 -0.29 0.14 -0.14
1996/03/31 06:16 1.90 2.02 2.08 6:00 6:40 1.70 1.46 1.53 0.11 -0.13 0.10 -0.10
1996/04/01 06:56 2.09 2.21 2.25 6:00 6:30 1.51 1.33 1.37 0.21 -0.21 0.11 -0.11
1996/04/05 09:06 2.09 2.24 2.34 5:50 6:20 1.26 1.09 1.19 0.26 -0.26 0.19 -0.19
1996/04/05 21:26 2.37 2.15 2.27 6:00 6:30 1.21 1.51 1.99 0.30 -0.30 0.07 -0.07
1996/04/08 23:46 1.93 1.68 1.83 6:30 6:40 1.40 2.02 2.93 0.23 -0.23 0.08 -0.08
1996/04/10 13:26 0.98 1.05 1.06 5:40 6:10 0.88 0.77 1.28 0.15 -0.06 0.17 -0.17
1996/04/11 02:16 1.64 1.63 1.78 6:40 6:50 1.75 1.77 2.01 0.15 -0.08 0.07 -0.07
1996/04/12 16:26 1.42 1.39 1.35 6:00 6:00 0.90 0.95 1.28 0.21 -0.21 0.16 -0.16
1996/04/13 04:46 1.97 2.19 2.19 6:20 6:40 1.76 1.34 1.56 0.22 -0.22 0.12 -0.12
1996/06/18 22:20 2.14 1.99 2.11 6:30 6:30 1.24 1.46 1.61 0.23 -0.15 0.07 -0.07
1996/06/19 10:30 1.23 1.28 1.40 5:40 5:50 0.52 0.49 0.63 0.17 -0.17 0.09 -0.09
1996/06/19 22:50 1.94 1.85 1.91 6:30 6:30 1.27 1.43 1.68 0.22 -0.22 0.06 -0.06
1996/06/21 12:00 1.00 0.91 1.01 6:00 5:40 0.40 0.45 0.73 0.15 -0.05 0.08 -0.08
1996/06/28 18:40 2.48 2.19 2.19 6:40 6:30 1.04 1.37 1.62 0.30 -0.30 0.11 -0.11
1996/06/29 06:40 1.75 2.17 2.22 5:30 6:10 0.89 0.62 0.66 0.21 -0.21 0.20 -0.20
1996/06/29 19:20 2.81 2.56 2.62 6:30 6:40 1.10 1.35 1.40 0.33 -0.18 0.19 -0.19
1996/06/30 07:30 1.98 2.31 2.39 5:30 6:10 0.81 0.62 0.68 0.26 -0.14 0.23 -0.23
1996/07/17 21:50 2.24 2.13 2.13 6:20 6:30 1.11 1.24 1.95 0.27 -0.16 0.11 -0.11
1996/07/18 10:00 1.46 1.49 1.56 5:40 6:10 0.53 0.52 0.89 0.20 -0.10 0.13 -0.13
1996/07/18 22:20 2.06 2.00 2.04 6:10 6:30 1.11 1.19 1.87 0.23 -0.15 0.19 -0.19
1996/07/22 13:00 1.14 0.88 1.00 6:20 5:50 0.45 0.67 1.10 0.21 -0.07 0.10 -0.10
1996/07/23 01:00 1.12 1.38 1.53 6:10 6:30 1.13 0.75 0.94 0.17 -0.04 0.05 -0.05
1996/07/23 14:00 1.19 0.86 0.92 6:30 6:00 0.51 0.87 1.22 0.17 -0.17 0.00 0.00
1996/08/21 13:10 1.36 1.04 1.15 6:30 6:20 0.63 1.01 2.40 0.20 -0.06 0.10 -0.10
1996/08/23 02:40 0.84 1.18 1.28 5:50 6:20 0.64 0.39 0.89 -0.10 0.06 -0.06
1996/09/04 13:40 1.40 1.14 1.13 6:20 6:50 0.85 1.29 2.84 0.21 -0.07 0.13 -0.13
1996/09/05 02:10 0.70 0.87 0.85 5:40 6:20 0.41 0.30 0.80 0.03 -0.03 0.09 -0.09
1996/09/05 15:10 1.28 1.12 1.14 6:40 7:00 0.92 1.22 1.94 0.14 -0.07 0.02 -0.02
1996/09/06 03:50 0.67 0.84 0.84 5:40 6:00 0.34 0.25 0.56 0.04 -0.07 0.05 -0.05
1996/09/15 09:40 2.00 1.85 2.10 6:00 6:20 0.76 0.87 1.23 0.27 -0.10 0.23 -0.23
1996/09/16 10:20 1.92 1.72 2.02 6:10 6:10 0.77 0.94 1.29 0.30 -0.10 0.20 -0.20
1996/09/17 10:50 1.82 1.56 1.82 6:10 6:30 0.78 1.03 1.37 0.26 -0.06 0.17 -0.17
1996/09/27 08:20 2.83 2.72 2.87 5:50 6:20 0.84 0.90 1.00 0.38 -0.18 0.25 -0.25
1996/10/20 02:20 1.00 1.02 1.07 5:50 6:00 0.39 0.38 0.58 0.16 -0.16 0.06 -0.06
1996/10/28 21:40 1.78 1.89 2.06 5:40 6:10 0.70 0.63 0.78 0.23 -0.23 0.11 -0.11
1996/10/29 10:00 2.38 2.14 2.31 6:10 6:40 1.06 1.34 1.53 0.29 -0.29 0.09 -0.09
1996/10/29 22:20 1.46 1.55 1.71 5:40 6:10 0.60 0.55 0.70 0.20 -0.13 0.10 -0.10
1996/10/30 10:50 2.10 1.88 2.01 6:30 6:30 1.09 1.41 1.58 0.26 -0.12 0.11 -0.11
1996/11/22 06:20 2.43 2.13 2.13 6:10 6:30 0.92 1.20 1.57 0.32 -0.13 0.15 -0.15
1996/11/22 18:30 1.97 2.32 2.32 5:40 6:30 1.03 0.76 0.80 0.22 -0.18 0.22 -0.22
1997/01/27 23:00 1.37 1.26 1.41 5:50 6:00 0.81 0.95 1.12 0.18 -0.18 0.15 -0.15
1997/01/28 23:50 1.25 1.07 1.31 6:10 5:50 0.81 1.09 1.14 0.17 -0.17 0.09 -0.09
1997/02/23 21:30 1.83 1.80 1.96 5:50 6:10 1.03 1.07 1.02 0.22 -0.22 0.17 -0.17
1997/03/03 03:20 1.38 1.17 1.16 7:00 6:20 1.49 2.43 3.38 0.08 -0.08 0.02 -0.02
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b) Southern Current Meter
Time at ZH Rr Rf Rf' Tr     Tf    Ar Af Af' V1 V2 V3 V4
m m m h:min h:min m/s m/s m/s m/s
1996/03/17 19:16 2.47 2.47 2.43 5:50 6:20 1.06 1.06 1.03 0.28 0.26 -0.22
1996/03/31 06:16 1.90 2.02 2.08 6:00 6:40 1.70 1.46 1.53 0.13 0.19 -0.27
1996/04/01 06:56 2.09 2.21 2.25 6:00 6:30 1.51 1.33 1.37 0.17 0.20 -0.27
1996/04/05 09:06 2.09 2.24 2.34 5:50 6:20 1.26 1.09 1.19 0.21 0.20 -0.27
1996/04/05 21:26 2.37 2.15 2.27 6:00 6:30 1.21 1.51 1.99 0.20 0.24 -0.27
1996/04/08 23:46 1.93 1.68 1.83 6:30 6:40 1.40 2.02 2.93 0.19 0.24 -0.22
1996/04/10 13:26 0.98 1.05 1.06 5:40 6:10 0.88 0.77 1.28
1996/04/11 02:16 1.64 1.63 1.78 6:40 6:50 1.75 1.77 2.01 0.10 0.24 -0.21
1996/04/12 16:26 1.42 1.39 1.35 6:00 6:00 0.90 0.95 1.28 0.19 0.11 -0.21
1996/04/13 04:46 1.97 2.19 2.19 6:20 6:40 1.76 1.34 1.56 0.14 0.23 -0.28
1996/06/18 22:20 2.14 1.99 2.11 6:30 6:30 1.24 1.46 1.61 0.19 0.27 -0.22
1996/06/19 10:30 1.23 1.28 1.40 5:40 5:50 0.52 0.49 0.63 0.16 0.12 -0.22
1996/06/19 22:50 1.94 1.85 1.91 6:30 6:30 1.27 1.43 1.68 0.21 0.32 -0.22
1996/06/21 12:00 1.00 0.91 1.01 6:00 5:40 0.40 0.45 0.73 0.17 0.13 -0.17
1996/06/28 18:40 2.48 2.19 2.19 6:40 6:30 1.04 1.37 1.62 0.28 0.33 -0.22
1996/06/29 06:40 1.75 2.17 2.22 5:30 6:10 0.89 0.62 0.66 0.22 0.21 -0.20
1996/06/29 19:20 2.81 2.56 2.62 6:30 6:40 1.10 1.35 1.40 0.31 0.33 -0.25
1996/06/30 07:30 1.98 2.31 2.39 5:30 6:10 0.81 0.62 0.68 0.28 0.22 -0.24
1996/07/17 21:50 2.24 2.13 2.13 6:20 6:30 1.11 1.24 1.95 0.16 0.21 -0.19
1996/07/18 10:00 1.46 1.49 1.56 5:40 6:10 0.53 0.52 0.89 0.14 0.10 -0.26
1996/07/18 22:20 2.06 2.00 2.04 6:10 6:30 1.11 1.19 1.87 0.17 0.17 -0.27
1996/07/22 13:00 1.14 0.88 1.00 6:20 5:50 0.45 0.67 1.10 0.12 0.13 -0.16
1996/07/23 01:00 1.12 1.38 1.53 6:10 6:30 1.13 0.75 0.94 0.10 0.16 -0.19
1996/07/23 14:00 1.19 0.86 0.92 6:30 6:00 0.51 0.87 1.22 0.19 0.18 -0.12
1996/08/21 13:10 1.36 1.04 1.15 6:30 6:20 0.63 1.01 2.40
1996/08/23 02:40 0.84 1.18 1.28 5:50 6:20 0.64 0.39 0.89 0.04 0.08 -0.24
1996/09/04 13:40 1.40 1.14 1.13 6:20 6:50 0.85 1.29 2.84
1996/09/05 02:10 0.70 0.87 0.85 5:40 6:20 0.41 0.30 0.80
1996/09/05 15:10 1.28 1.12 1.14 6:40 7:00 0.92 1.22 1.94 0.08 0.19 -0.15
1996/09/06 03:50 0.67 0.84 0.84 5:40 6:00 0.34 0.25 0.56 0.04 0.07 -0.18
1996/09/15 09:40 2.00 1.85 2.10 6:00 6:20 0.76 0.87 1.23 0.19 0.15 -0.26
1996/09/16 10:20 1.92 1.72 2.02 6:10 6:10 0.77 0.94 1.29 0.20 0.14 -0.20
1996/09/17 10:50 1.82 1.56 1.82 6:10 6:30 0.78 1.03 1.37 0.17 0.11 -0.20
1996/09/27 08:20 2.83 2.72 2.87 5:50 6:20 0.84 0.90 1.00 0.22 0.22 -0.27
1996/10/05 15:30 1.20 1.28 1.20 6:30 7:10 1.20 1.06 1.25 0.10 0.17 -0.25
1996/10/20 02:20 1.00 1.02 1.07 5:50 6:00 0.39 0.38 0.58 0.12 0.11 -0.25
1996/10/28 21:40 1.78 1.89 2.06 5:40 6:10 0.70 0.63 0.78 0.22 0.18 -0.28
1996/10/29 10:00 2.38 2.14 2.31 6:10 6:40 1.06 1.34 1.53 0.22 0.31 -0.23
1996/10/29 22:20 1.46 1.55 1.71 5:40 6:10 0.60 0.55 0.70 0.19 0.17 -0.20
1996/10/30 10:50 2.10 1.88 2.01 6:30 6:30 1.09 1.41 1.58 0.23 0.27 -0.20
1996/11/22 06:20 2.43 2.13 2.13 6:10 6:30 0.92 1.20 1.57 0.32 0.36 -0.26
1996/11/22 18:30 1.97 2.32 2.32 5:40 6:30 1.03 0.76 0.80 0.27 0.32 -0.25
1997/01/27 23:00 1.37 1.26 1.41 5:50 6:00 0.81 0.95 1.12 0.08 0.04 -0.21
1997/01/28 23:50 1.25 1.07 1.31 6:10 5:50 0.81 1.09 1.14 0.06 0.08 -0.25
1997/02/23 21:30 1.83 1.80 1.96 5:50 6:10 1.03 1.07 1.02 0.23 0.12 -0.27
1997/03/03 03:20 1.38 1.17 1.16 7:00 6:20 1.49 2.43 3.38 0.1691 0.18 -0.18
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APPENDIX E - Meteorological Events at Heron Island 17 March 1996 
to 18 March 1997  
See Figures 42 – 63 
Date 
Winds at 
Heron Island 
> 10 m/s 
Waves 
Tidal 
Range* 
Wave-generated currents 
HBP
m 
HWis
m 
S4N S4S 
22 to 30 
Mar. 
1996 
Extended 
SE/SSE winds
0.5 
to 
1.5 
1.2 
to 
2.0 
Average 
to small 
Intermittent then 
continuous 
WSW/SWward 
Continuous 
NWward 
20 to 27 
Apr. 
1996 
Extended 
SSE/ESE 
winds 
0.4 
to 
1.2 
0.7 
to 
2.2 
Average 
to small 
Continuous 
WSW/SWward  
(23 and 24 Apr.) 
Continuous 
NWward 
28 Apr. 
to 3 May 
1996 
Severe (near 
gale) winds 
SE/E/NW/W 
17 m/s max 
1.0 
to 
3.2 
< 1.0 
to 
1.7 
Average 
to large 
Continuous 
SWward  
(28 Apr. to 2 May) 
Continuous 
NWward  
(28 to 30 Apr.) 
8 to 10 
May 
1996 
Changing 
SSE → E 
winds 
0.5 
to 
1.3 
1.0 
to 
2.0 
Average 
to small 
____ 
Continuous 
NWward 
15 to 18 
May 
1996 
SSE → S 
Winds 
≤ 0.5
1.0 
to 
2.0 
Average 
to large ____ 
Continuous 
NWward 
1 to 6 
Jun. 
1996 
Swell 
conditions 
E/ESE winds 
5 to 8 m/s 
0.7 
to 
2.1 
0.6 
to 
1.2 
Average 
to large 
Intermittent 
WSW/SWward 
Intermittent 
NWward 
11 to 16 
Jun. 
1996 
SSE  
winds 
0.4 
to 
1.4 
1.0 
to 
2.0 
Average 
to large ____ 
Continuous 
NWward 
22 to 24 
Jun. 
1996 
NW 
winds 
< 1.5 < 0.8 Small 
Continuous 
SWward  ____ 
19 to 21 
Jul.  
1996 
NW 
winds  
< 1.5 < 0.5 Average 
Continuous 
SWward  ____ 
26 to 29 
Jul.  
1996 
Severe (near 
gale) winds 
NE/W/SW  
15 m/s max 
1.0 
to 
3.0 
< 1.3 
Average 
to large 
Continuous 
SWward 
____ 
Table continues on next page 
* Small tidal range  R < 1.4 m 
 Average tidal range 1.4 ≤ R < 2.0 m 
 Large tidal range 2.0 ≤ R  
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Continued from previous page 
Date 
Winds at 
Heron Island 
> 10 m/s 
Waves 
Tidal 
Range* 
Wave-generated currents
HBP
m 
HWis
m 
S4N S4S 
29 Sep. 
to 1 Oct. 
1996 
N/NE/NW 
winds 
< 1.8 < 0.7 Large 
Continuous 
SWward ____ 
8 to 9 
Oct. 1996 
ESE  
winds 
0.6 
to 
1.3 
1.0 
to 
2.0 
Average ____ 
Continuous 
NWward 
20 to 23 
Dec. 
1996 
SE  
winds 
0.5 
to 
1.6 
1.0 
to 
2.2 
Average 
Variable  
SWward 
Continuous 
NWward  
2 to 6 
Jan. 1997 
SE  
winds 
0.4 
to 
1.4 
1.0 
to 
2.0 
Small to 
average 
Varying 
WSW/SWward to 
NWard 
Continuous 
NWward 
30 Jan. to 
6 Feb. 
1997 
Swell 
conditions 
NE/SE/E  
7 to 10 m/s 
0.4 
to 
1.4 
0.4 
to 
1.8 
Small to 
average 
Continuous 
WSW/SWward 
(31 Jan. to 3 Feb.) 
Intermittent 
NWward 
18 to 21 
Feb. 1997
SE/SSE 
winds 
1.0 
to 
2.0 
1.0 
to 
2.2 
Small/ 
average to 
large 
Continuous 
WSW/SWward  
Continuous 
NWward 
4 to 18 
Mar. 
1997 
Severe 
(Gale) SE 
winds (T.C. 
“Justin”)  
18 m/s max 
0.8 
to 
1.7 
1.0 
to 
2.0 
Average 
large 
small 
Continuous 
WSW/SWward  
Continuous 
NWward some 
variability  
* Small tidal range  R < 1.4 m 
 Average tidal range 1.4 ≤ R < 2.0 m 
 Large tidal range 2.0 ≤ R  
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APPENDIX F -  Experimental Data for Current Reversal Conditions 
a) Northern Current Meter 
308 
b) Southern Current Meter 
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APPENDIX G - Measurements and observations of movements of 
individual concrete blocks forming “groyne” at Heron 
Island, January 1994 
Block 
number 
from 
landward end
Displacement
(horizontal) 
Direction 
of movement
Orientation 
m Degrees 
North 
Upright Side Upside
down 
1 0     
2 0    
3 0     
4 0     
5 0     
6 0     
7 0     
8 -     
9 -     
10 -     
11 -     
12 0     
13 1.3 173.5  
14 1.3 170  
15 1.3 166  
16 2.0 164    ? 
17 3.0 161    ? 
18 4.2 184  
19 3.6 181  
20 3.0 183  
21 2.6 183    
22 2.1 171   
23 2.8 161.5   
24 5.1 163    
25 5.3 165.5  
26 6.2 163.5  
27 6.4 160  
28 6.8 172.5   
Table continues on next page 
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 Continued from previous page 
Block 
number 
from 
landward end
Displacement
(horizontal) 
Direction 
of movement
Orientation 
m Degrees 
North 
Upright Side Upside
down 
29 5.0 170  
30 5.0 169  
31 4.8 169  ?  
32 4.8 166  
33 7.5 184    
34 7.8 196  
35 8.3 212.5  
36 1.3 160  
37 1.2 167      ?   
38 0.8 161      ?   
39 0.6 161    
40 1.1 175    ? 
41 1.2 171    ? 
42 4.6 200  
43 0.6 148    
44 0     
45 0     
46 0     
47 0     
48 0     
49 0     
50 0     
51 0     
52 0     
53 0     
54   0     
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